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CALCIUM OXIDE

Summary - Toxicological Information

Acute, short, and long term data were not present in the available

literature.
©

Calcium oxide when mixed with maize, will cause the vitamins present
therein (nicotinic acid, riboflavin and thiamine) to degenerate. This nutri-
tive deficiency will manifest itself in the form of growth rate depression,

if the treated maize is subsequently fed to rats (33).

A total of 10, 230, 040 pounds of calcium oxide was used in the United

States in 1970 as reported in an NAS/FEMA study.



CALCIUM OXIDE

Chemical Information

1. Nomenclature (74)

A, Common Name
Lime
Quick Lime
Calx
B. Chemical Name
Calcium Oxide
C. Trade Name
(none)

D. Chemical Abstracts Unique Registry Number

001305788
IL. Empirical Formula (74)
CaO
I11. Structural Formula
CaO



1V, Molecular Weight (74)

56, 08

V. Specifications

A, Chemical (93: p. 194)
Ca - 71.47%
O - 28.53%

B. Food Grade (74)

Assay: not less than 95% of CaO after ignition,

Limits of Impurities

Acid-insoluble substances: not more than 1%.
Alkalies or magnesium: not more than 3. 6%.
Arsenic (as As): not more than 3 parts per
million (0. 0003%).

Fluoride: not more than 50 parts per million
(0. 005% ).

Heavy metals (as Pb): not more than 40 parts
per million (0. 004%).

Lead: not more than 10 pé,rts per million

(0. 001%).

Loss on ignition: not more than 10%,

C. Offical Compendia

Food Chemical Codex - First Edition. p. 124,

VI. Description

A, General Characteristics (74)

Hard, white or grayish white masses or granules,
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or a white to grayish white powder. It is odorless.
B. Physical Characteristics (92)
Sometimes has a yellowish or brownish tint,
due to iron,
Readily absorbs CO2 and HZO from air, becoming
airslaked,
Soluble in water, forrning‘Ca(OI—I)2 and generating
a large quantity of heat.
Soluble in acids, glycerol, sugar solution.
Insoluble in alcohol.
Melting point. 2572°
Boiling Point. 2850°
C. Stability in Containers (74)

Store in tight containers,

VIIL, Analytical Methods

Flame photometric determination of lime in food
stuffs and soils. (55),
Identification of CaO among other metal oxides by

infrared absorption. (23).

VIII. Occurrences and levels found in:
A. Plants
(none)



B. Animals
(none)
C. Synthetics
(none)
D. Natural Inorganic sources

Ubiquitous



CALCIUM OXIDE

Biological Data

I. Acute Toxicity

(none)

II. Short Term Studies

(none)

LII. Long Term Studies

(none)

IV. Special Studies

Rats fed maize treated with lime manifested depressed growth rates
as compared to controls., This effect is due to the degenerative action of

lime on nicotinic acid, riboflavin, and thiamine (33).



CALCIUM OXIDE

Biochemical Aspects

I. Breakdown
(none)

II. Absorption - Distribution

(none)

III. Metabolism and Excretion

(none)

IV, Effects on Enzymes and Other Biochemical Parameters
(none)

V. Drug Interaction

(none)

VI. Consumer Exposure Information

(none)
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CALCIUM HYDROXIDE

Summary - Toxicological Inforrﬁation'
The acute oral toxicity (Lbso) for calciqm hydroxide in rats is 7, 34
(4.83 - 11.14) g/kg (103); data on._short and long term studies are lacking.
.Whén taken orally by humans calcium hydroxide was. found to inhibit
the gr;)wth of gram positive cocci and of lactobacteria involved in various
| cariogenic activities (61). ’
Cellular atypia have been induced in hamster cheek pouches treated
-with 250 rrilg of -calci;Jm hydroxide per day three times a week for up to 121
weeks (70), and studies with itsy effect on the myelin sheath of rabbit muscle
indicate that this material is an excellent nerve sclei'osing agent (87).
Calcium hydrdxide is a potential environmenta} pollutant (101) especially
in rivers and. streams where it can be fatal to fish (trout for example) at
relatively low concentrations.

A total of 853, 125 pounds of calcium hydroxide was used in the United

States in 1970 as reported in an NAS/FEMA study.



CALCIUM HYDROXIDE

Chemical Information

Calcium Hydroxide

D. Chemical Abstracts Unique Number

1. Nomenclature (74)
A, Common Name
Slaked Lime
B. Chemical Name
C. Trade Name
(none)
001305620
11, Empirical Formula (74)
Ca(OH)‘2
IIT, Structural Formula
Ca(OH)2
IV, Molecular Weight (74)
74, 09
V. Specifications

A. Chemical (93: p. 193)

Ca - 54, 09%
H - 2,729
O - 43,10%
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B, Food Grade (74)

Assay: not less than 95% of Ca(OH)2

Limits of Impuritics
Acid-Insoluble substances: not more than
1%.

Arsenic (as As): not more than 3 parts per
million (0, 0003%),
Fluoride: not more than 50 parts per million
(0. 005%).
Heavy metals (as Pb): not more than 40 parts
per million (0, 004%),
Lead: not more than 10 parts per million
(0.. 001%).
Magnesium and alkali salts: not more than
4. 8%.

C. Official Compendia

Food Chemical Codex - First Edition p. 117,

VI, Description

A, General Characteristics (93)
Crystals or soft, odorless, granules or powder.
Slightly bitter, alkaline taste,

B. Physical Characteristics (93)
‘Readily absorbs CO2 from air forming CaCO3
When ignited it loses HZO leaving CaO,
Slightly soluble in water,

Soluble in glycerol, sugar or NH4C1 solutions,
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Soluble in acids with evolution of much heat.
pH of aqucous solu:cion saturated at 25°: 12. 4
Insoluble in alcohol.

C. Stability in Containers

Store in tight containers. (74)

VII. Analytical Methods

Titrimetric/colorimetric determination. (74)

VIIL Occurrences and Levels found in:
A. ?lants
(none)
B. Animal
(none)

C. Synthetics
{none)
D. Natural Inorganic Sources

Ubiquitous
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' CALCIUM HYDROXIDE

Biological Data

I Acute Toxicity

Animal Route ‘Material LD50 Ref,
mg /kg
Rat Oral . Ca.(OH)2 7, 340 103

(4,830-11,140)

IL Short Term Studies

(none)

III. Long Term Studies .

(none)

IV, Special Studies

Studies conducted in 11 humans who were treated with Ca(OH)2
orally, revealed a growth inhibition of gram-positive cocci and lacto-
bacteria which are involved with certain cariogenic activities and
depressed the hemolytic properties of isolated strains (61),

Hamster cheek poﬁches treated repeatedly (250 mg/day 3 times a
week) with Ca(OH)2 for 81-121 weeks resulted in an incidence in 3 out of
6 animals of cellular atypia in the cheek epithelial cells which were

suggestive of a pre-neoplastic condition (70),
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When 0.25 ml of Ca(OH)2 at 'pH 12. 9 was injected under the myecelin
sheath of rabbit muscle, severe focal coagulation necrosis affecting the
axis cylinders, myelin sheath and Schwann cells occurred, -This nerve da-
mage cleared somecwhat after 4 wecks (87). It would appear that Ca(OH)Z

is'an effective nerve sclerosing agent.

Ca(OH)2 is also a potential environmental pollutant; trout cx-
posed to concentrations of 100, 200, 250 and 2000 ppm died in 7 days. Con-

centrations of 50, 100 and 1000 ppm, however, were not toxic when the wa.-

ter hardness was changed (101),
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CALCIUM HYDROXIDE

Biochemical Aspects

I. Breakdown
(none)

II. Absorption - Distribution

(none)

III. Metabolism and Excretion

{(none)

IV, Effects on Enzymes and Other Biochemical Parameters

(none)

V. Drug Interaction

(none)

VI. Consumer Exposure Information

{(none)
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phosphorus salts on the severity of perosis, Poultry Sci. 16: 232-
237.
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Infrared absorption study of metal oxides in the low
frequency region (700-240 cm)

: NEwL T. MoDevirr and WmLiam L. Bauvw
Analytical Branch, Air Force Materials Laboratory Research and Technology
Division, Wright—Patterson Air Force Base, Ohio

{Received 5 September 1963)

Abstract—The characteristic frequencies of oxides of 52 metals have been studied in the region
700-240 em~Y. Data for oxides of metals of different valence states and the frequencies of
poelymorphic forms of several oxides are presented. A particle size of 10 x or smaller was found
to give the best representative spectrum. .

t

P INTRODUCTION

In THE past several years the majority of metal oxide compounds have become .
important for various reasons. Two of the more important of these are their high
temperature stability for use as refractory bodies, and their optical properties for

use as infrared lenses. The metal oxides have not been extensively studied in the

infrared region, and an investigation of the absorption characteristics of these .

materials should therefore be of interest. _

A review article on inorganic materials by Lawsown [1] revealed very little
information on oxides, and the papers by MiLLER [2, 3] and co-workers deal pri-
marily with the spectra of a large number of inorganic salts. Some Raman data
have been presented on diverse oxides [4] consisting of the salts of molybdates,
tungstates, arsenates and chromates. The earlier infrared studies in the rock salt

region deal primarily with individual compounds, with papers on magnesia [5], 1 '

titania [6] and yttria [7].
frequency region; and there are papers on oxides of beryllium [8], silicon [9],
aluminum [10], boron [11], arsenic [12, 13], tellurium [14], titanium and

[1} K. Lawson, Infrared Absorption of Inorganic Substunces, Reinhold, New York (1961).
[2] F. A. MirLER and C. H. WILkENS, Anal. Chem. 24, 1253 (1952).
[3] F. A. MiLLER, G. L. Carrson, F. F. BEnTLEY and W. H. JoNEs, Spectrochzm Acta 18,

135 (1960). W

[4] J. H. HiBBEN, The Raman Effect and Its Chemical Applications, Remhold New York,
1939, p. 427.

[5] J. M. Hunt, M. P. WisaERD and L. C. BoNHAM, Anal. Chem. 22, 1478 (1950).
. [6] D. N. Kenpavrw, Anal. Chem. 25, 382 (1953).
¢ [7] K. A. Wickersnem and R. A, LEFeVER, J. Opt. Soc. Am. 51, 1147 (1961). . »
i [9] S. RoBerTs and D. D. Coox, J. Opt. Soc. Am. 52, 1023 (1962). ) . ‘
i [10] L. Haneis and J. PreER, J. Opt. Soc. Am. 52, 223 (1962). L -
f11] A. SomMER, D. Warte, M. J. Linevsky and D. W, Maxw, J. Chem. Phys. 38, 87 (1963).
~ [12] N. N. SoporEv and V. P. CHEREMISINOV, Optika i Spectroskopiya 9, 233 (1960).
' [13] V. . CupreMisiNov, Optika © Spectroskopiya 7, 293 (1959).
P {14] V. P CuerEMIsiNov and V. P. ZromaNov, Optika { Spectroskopiye 12, 110 (1962). .
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Some spectra of oxides have extended into the low .
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800 N. T. McDEvirr and W. L. Baun

vanadium [15]. Several papers by Paropr [16, 17, 18] report frequencies on g
number of divalent metal oxides.

In a fundamental study of the properties of refractory materials it was found
that the infrared spectrum, in the region between 700 and 240 em-!, was more
informative for these oxides than the conventional rock salt region. For this reason
the study of the absorption characteristics of a large number of metal oxides was
undertaken.

EXPERIMENTAL

The instrument used was the Perkin-Elmer Model 102, a spectrophotometer
designed and constructed specifically for our Laboratory. The instrument has &
prism-grating double beam monochromator and records linearly in wavenumbers.
In the automatic mode the spectrophotometer is capable of recording spectra from
4000-240 wavenumbers. For the conditions under which the spectra reported in
this paper were obtained, a KBr and CsI foreprism were used in combination with a
30 4 blazed grating to cover the region 700-240 cm~?, with a spectral slit width of
4 cm2,

The majority of the samples were commercial chemicals of C.P. grade while the
rare-earth oxides were of spectrographic purity. Several of the polymorphic forms
were prepared in our laboratory by standard procedures. The crystal form of each
oxide was checked by X-ray diffraction.

All of the spectra were obtained as Nujol mulls. Nujol has only a weak ab-
sorption band at 720 em~! and proves to be an ideal mulling agent for this region.
Compounds that gave indications of having a band under the 720 Nujol band were
re-run as KBr disks. The Nujol mull samples were dispersed between CsI plates.
The instrument was flushed with dry air until satisfactory energy checks were
obtained at 250 cm™1.

ResurLts AND Discussion

A discussion of each infrared spectrum of the metal oxides would exceed the
space limitations of this paper. Only a general discussion concerning particle
size, rare-earth oxides, polymorphism and a few of the individual compounds will
be presented.

Table 1 is an alphabetical listing of all the compounds that have been studied.
The second column shows the compound or compounds that result from different
valence states and polymorphic forms. The third column shows the positions of
the bands. An asterisk after the compound formula means that the bands in the
spectrum for that particular compound are poorly defined. The relative in-
tensities of the characteristic bands are included in this Table ; however, they
refer only to bands within each individual spectrum. This information has no
meaning. from one curve to another, when dealing with these solid inorganic
substances in Nujol mulls. The band shapes are noted where they are broad or
occur as a shoulder on other bands. Where the crystal structure of a compound has
not been noted the common stable form was used.

{15] 8. M. Anrtva and M. V. GorLomovrziNA, Soviet Phys.—Solid State 4, 2142 ( 1963).
[16] M. Parovr, Compt. rend. 204, 1111 (1937).

[17] M. Parobi, Compt. rend. 204, 1636 (1937).

(18] M. Paropr, Compt. rend. 205, 906 (1937).

Infrarc

Table 1. (

Metal

Aluminum
Antimony

Arsenic
Barinm

Beryllium
Bismuth
Boron
Cadmium
Calcium
Cerium
Chromium

Cobalt
Copper

Dysprosium
Erbium
Europium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Holmium
Indium
Iron

Lanthanum
Lead

Lutetium
Magnesium
Manganese

Mercury

Molybdenum
Neodymium
Nickel
Niobium

Praseodymium
Ruthenium
Samarium
Scandium
Bilicon

Silver
Strontium
Tantalum

Thorium
Thulium
Tin

Titanium

Tungsten

Vanadium
Ytterbium
Yttrium
Zine
Zirconium

* Bands are poorly «
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Table 1. Characteristic frequencies of metal oxide infrared absorption bands

Zr0), {eubic Cal) stabilized)

Metal Formula Rogion (em1)
Aluminum 241,04 5788, 4325, 373 sh
Antimony Sb,0, (cubic) 7408, 685 sh, 390 m, 530 sh, 482 m, 383 8, 343 w,
322w, 2858
Arsenic As,0; cubic 300 sh, 475 5, 355 sh, 340s
Barium BaO 503 sh, 483 s, 305 sh, 283 m, 255 m
BaO, {No bands 700-250)
Beryllium BeO (No bands 700-250)
Bismuth aBi, O, 645w, 50583, 343 s
Boron B0, 765 sb, 638 m, 543 m
Cadmium Cdo (No bands 700-250)
Caleium CaO 400 sb, 290 m
Cerium CeQy 525 sh, 4238 vb
(hromium Cr0, {No bands 700-250)
Cr,0, 6238, 5558, 435w, 407 w
Cobale Co,0, 655 s, 835 sh, 5629, 460 b sh, 350 w
Copper Cud 610m, 500s, 410 m
Cu,0 815
Dysprosium Dy,0, (cubic) 5508, 408a vb, 320 m, 307 w, 284 w, 273 w
Erbium Ery0, (cubic) 663 s, 463 b sh, 367 8, 325 m, 285 m
Europium Eu,0, (monoclinic) 630 w, 510 8h, 3638 vb
Gadolinium Gd40, (cubic} 835 s, 465 b sh, 3505, 310m, 297 w, 270 m
Gallium BGayU,4 683 9, 430 sb, 364 m, 305 mb
Germanium Ge0, (hexagonal) 5858, 3508, 6124, 3323, 256 m
Gold Au,0, 807
Hafnium HfO, (monoclinic) 756 m, 645 m, 530 s, 450 sh, 425 8, 375 w, 350 sh
Holmium Ho,04 (cubic) 859 s, 470 b sh, 370 8, 325m, 310 sh 235 m
Indium In,0, (No bands 700--250)
Iron aFe, 0, 560 ab, 468 s, 370 sh, 325
yFe 0, 555, 468, 336
Fe,0, 570 8b, 385 mb
Lanthanum La,O, 84t w, 4153b
Lead PbO (orthorhombic) 500 m, 3778, 3003
PbO, (tetragonal) (No bands 700-250)
Pb,0O, 650 w, 5258, 4458, 380 s, 320 m
Lutetium L0, 570s, 485 b sh, 3823, 337 m, 207 m
Magnesium MgO 4456 vb
‘Mana'aneso MnO, (tetragonal) 6158 vb, 400 m, 335w
: Mny0,* 600, 475 393
Mercury HgO (yellow) 588 9, 480 s
: HgO (red) 5738, 4738
Molybdenum MoO,* 660, 375, 300 . : .
Neodymium Nd,0,* 855 : ‘ ) . ™
Nickel Nio 0650 w, 4658 vb
Niobium aNb,O,* 478, 295
: JNb,Os‘ 575, 455 sh, 357 .
Prasoodymium Pr Oy, 855 m, 600 sh, 350 s vb
Ruthenium Ru0O, (No bands 700-250)
Samarium Sm,0, (monoclinic) 6840 w, 530 sh, 3703 vb
Scandium Se,04 623 8, 525 sh, 4255, 382 3, 382 m, 365 w, 343 w
Silicon 8i0, (dehydrated silica-gel) 460 b
' 8i0, (o quartz) 175 m, 693 w, 510 sh, 450 s, 385 sh, 3024, 23T m
Silver Ag,O 845 m, 5408
Strontium BrO, 590 sb, 525 sh
Tantalum aTay0y . 6123 vb, 460 bsh, 300 m
_ BTs,0,* " 575, 455 sh, 315
Thorium ThO, 845 sh, 310a vh
Thulium Tm,0, 5658, 485 ah, 380 s, 335 w, 205 w
Tin ~ SnO* (tetragonal) 850, 480 :
i SnO, 870 m, 610sh, 312
Titanium TiO, (anatase) 7008 vh, 5258 vh, 347Tm
TiOy (rutile) 685 sb, 608 sb, 423 w, 362 w
. TigOy* 650 (No hands 800-250)
Tuangsten wo, (No bands 700 -250)
WO,* 355, 315
Vanadium V0, 5058 vb, 395 w, 288 w
Ytterbium Yb,0, 660 a, 400 sb, 330 my, 322 8h, 206 m
Yttrjum Y40, (cubic) 561 s, 423 8b, 333 m, 325 uh, 300 m
Zine' Zn0 450 vb
Zirconium Zr0, (monorlinic) . 748 m, 620 sh, 530 sb, 450 w, 420 w, 375 w, 360 sh

400 vh

* Bundy are poorly defined, & - high intensity,

v = very, sh o=

m = medinm intonsity, w - low mtensity, b - hroad
shouliler (the intensity values should be compareld only with bauds in the sano spootrum),
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802 N. T. MoDevirr and W. L. Baun

Sample preparation

It became apparent after recording the spectra of several of the metal oxide.
that a specific procedure would be necessary in order to obtain reproducible spectrs
from each sample. The ordinary mulling techniques were made more difficult t
the varying hardness of the metal oxides. Difficulties of this nature have beer
encountered previously and various techniques have been studied [5, 19] in orde:
to obtain representative and reproducible spectra. A review article by Duvyckagrr-
[20] shows the effects that can occur in an infrared spectrum of solid substance.
In this study 200 mg of each compound was ground dry in a mortar and pestl:
for approximately one minute with an additional one minute dry grind in a vial
in a Wig-L-Bug vibrator. A plastic vial was normally used but requires cautio:
with respect to contamination [21]. However, with 200 mg of oxide sample the
concentration of the plastic in the sample remained small and did not prove to be
a problem when recorded as a Nujol mull. Approximately 50 mg of the pre
ground sample was then mulled with Nujol. In some cases the thoroughly ground
samples were also pressed into KBr disks for cross-checking purposes. In generai
the bands in the pellet spectra were less asymmetric than in the Nujol mull spectra.
This was probably due to a decrease in scatter from the smaller amount of sample
in the KBr matrix. The sample concentration ranged between 0-3 and 0-6 per cent
for the compounds studied, which is small for this region of the infrared when
compared to the 1 per cent normally used for organic materials.

Characteristics of the spectra

The instrument is capable of recording frequencies with an accuracy of +0-
cm~!. The band positions reported in this paper should be accurate to within
+2:0em~!. For very broad bands the error in determining the peak frequency
would sometimes be greater than this value.

The study of inorganic compounds in the low frequency region of the infrared
can be complex. Some theory about the spectra resulting from vibrational tran-
sitions in organic solids can be obtained from s comprehensive review by MiTRa
[22]. For the most part these data deal only with the practical applications of the
low frequency spectra and no attempt is made to assign specific vibrational modes.

The effect of particle size on the infrared spectrum can be seen in Figs. 1 and 2.
Figure 1 shows the spectrum of red mercuric oxide after various amounts of
grinding. The initial curve represents the compound after it was ground a very
short time with a mortar and pestle. The resulting spectrum has a very broad band
with two possible maxima at 550 and 450 cm-!. The sample was then ground in &
vial using a Wig-L-Bug vibrator and curves A-C represent increased grinding
periods. The final spectrum (curve C, 90 sec) shows two distinct peaks with
maxima at 573 and 475 em~! indicating the two bands have shifted to a higher
frequency by about 25 em-1. In contrast to this the yellow mercuric oxide gives
two well defined peaks at 590 and 488 with only a very short grinding period. Using

[19] W. M. TuspeNrAM and R. J. LyoN, Anal. Chem. 32, 1630 (1960).
[20] G. Drveraers, Analyst 84, 201 (1059).

[21] N. T. McDevitt and W. L. Baun, Appl. Spectrosc. 14, 135 (1960).
[22] 8. 8. Mitra, Solid State Phys. 13, 1 (1962).
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¢
b N
24 AN
o
800 700 600 500 400 300 200
cm-t

Fig. 1. Red mercuric oxide spectrum. Initial spectrum very short grinding period; a—20
seconds dry grinding with Wig-L-Bug vibrator; b—45 seconds; ¢—90 seconds.

800 700 800 500 400 300 200

em-!

Fig. 2. Mn0O, spectrum. a-—no grinding; b—one minute dry grinding with a

mortar and pestle; c—one minute mortar and pestle plus one minute in a steel

vial with a vibrator; d-—one minute mortar and pestle plus two minutes in a steel

vial with & vibrator.

the same procedure as described above for the red compound, the final spectrum
of the yellow mercuric oxide had the same band shape as the initial curve and the
peak frequencies are almost constant at 588 and 430 em~!. This is probably the
most dramatic difference that will be seen among the metal oxides. All the data
for these compounds show they have the same chemical composition, the same
structure, and the most recent X-ray powder data by the National Bureau of
Standards reports that the red oxide gives the same diffraction pattern as the yellow

5 -
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804 N. T. McDEviTr and W. L. Baux

compound. Photomicrographs of the two materials as received show the ycllow
mercuric oxide average particle size to be about 5 u, while the red mercuric oxide
average particle size is nearly 20 x. Therefore, the particle size of the ycllow
compound is approximately } the wavelength of its absorption bands while tle
particle size of the red oxide is just about equal to its maximum absorption wave-
length. It appears that this is the reason for the difference in their infrared speetra.
The increase in frequency of the red oxide absorption bands on grinding could b
attributed to particle size or possibly to a lattice strain set up in the molecule through

Ny

»m NUJOL

800 700 800 500 400 300 200
' ’ cm-!
Fig. 3. Examples of spectra that can he obtained from metal oxides.
_ g—Sby0y; e—Crg0y; f—aNb,Oy.
grinding. The spectra for both compounds show two symmetrical absorption bands
with the higher frequency band the more intense in each case.

Unlike the red mercuric oxide, the initial spectrum of MnO, (Fig. 2) gave very
little indication that any characteristic absorption bands were present. This com-
pound is shown as the extreme example of the necessary amount of grinding
required to obtain a spectrum. More than 120 sec of grinding in a stcel vial was
required to thoroughly diminish the particle size of the sample so that a represen-
tative curve could be obtained. In most cases grinding for this length of time usually
caures some undesired changes and possible phase transformations [23]. If a
representative curve cannot be obtained after 120 sec of grinding the compound
probably does not have a characteristic absorption spectrum in this region.

The general appearance of spectra obtained from metal oxides can be classified
in three categories, i.e., good, average and poorly defined. The curves shown in
Fig. 3 represent examples of these types. Curve G, 8b,0,, illustrates a good spec-
trum (about 10 per cent of the spectra studied), curve E, Cr,0,, is an average

(23] F. DacuiLLe and R. Roy, Nature 186, 34 (1960).
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vellow  spectrum, while F, aNb,0;, represents a poor spectrum (about 10 per cent of the
oxhle  compounds studied). N o
vellow '
de the Rare-curth oxides : :
wive- T ' s h)
' r\( : [he spectra for a group of rare-earth oxides [24] (Lug05, Yby0y, Tm,05, Er, 0y
Y“) [} -; . v r - . - - . !
lLl ']‘ Y,0,, Ho,0,, Dy,05 Gd,0;) give a well defined characteristic band in the region .
uld be 5 550530 em-1. Figure 4 shows a spectrum of & typical type C rare-earth, ytterbia, T

arough ~and a plot of frequency against unit cell dimension for the type C (cubic) oxides.

I
! & ¢ Is70
-
<£0
k=
uﬂ -
Ry
| p
£40
530532 56 a8
a,A
. 800 700 600 500 : 400 300 200
i cmt :

i
Fig. 4. Speetrum of a typical type C rare-earth oxide, ytterbia. Graph showsa
plot of frequency against unit cell dimension of type C oxides.

‘The linear relation indicates a correlation with the high frequency band and the
umit cell size. The type A (heéxagonal) and type B (monoclinic) rare-earth oxides
vive different speetra from one another and the type C compounds. The optical
properties [25] of the rarc-carth oxides are becoming of interest, and distinguishing
between one crystal structure and another can be of importance. An example of 3

n bands

Llve very

15 com-
rinding this is gadolinium sesquioxide, which can exist as type A, B, or C. In this study
cial was | the infrared spectrum indicated the compound was of type C, removing any -
> presen- ' certainty as to its crystal structure.
- usually |
} Ifa ‘ Polymorphism _
mpound f One of the more important determinations of this study is the role that poly- 3
L. | morphism plays in characterizing the infrared spectrum of a compound. An oxide i
lassified ! spectrum can be misleading if only the molecular formula is given when the par- o
10wn in & ticular compound ean exist in several forms. An oxample of such an ambiguity [ R
od groes | e : TR
ave ¢ [24] W L. Baus and N. T. MeDgvirr, J. Am. Ceram. Soc. 48, 204 (1863). ‘ ,
i 125] S8, Barsanov, @. N. Gricow'eva and N. I'. SOKOLOVA, J. of Structural Chem. (US.S.R) .
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806 N. T. McDEviTT and W, L. Baux

can be seen in spectrum 159G (TiO,) in Reference [3]. Titanium dioxide hax twe
commonly occurring crystal structures, anatase and rutile, and each gives a ditferent
infrared spectrum. These spectra can be seen in Fig. 5. The anatase structure has
a very characteristic band at 347 em~!, whereas the rutile spectrum is quite dif-
ferent. Spectrum 159G in Reference [3] can now be identified as TiO, with an
anatase structure. The infrared spectra of the polymorphic forms of Ti0, have
been studied in the rock salt region [6]. However, the results left much to he
desired as a quick means of identifying the above compounds.

Yo
-

Rutile

800 700 600 500 400 300 200

cm!

Fig. 5. Spectra of the polymorphic forms of titaniumn dioxide.

The present study includes several other polymorphic compounds namely.
«Fe,0; and yFe,0;, aNb,Oy and 0Nb,0O;, and «Ta,0; and pTa, 0, Their fre-
quencies can be obtained from Table 1, and although the fundamental structural
differences are in most cases slight, the infrared spectra serve to distinguish the
various polymorphic forms.

Comments on individual compounds

An intercsting pair of compounds are zirconia and hafnia. The metals of these
compounds have very similar chemical properties in spite of the large difference
in their atomic weights. It is understandable then that ZrO, and HfQ, have
similar properties such as a monoclinic crystal structure at room temperature.
This similarity can be scen in the infrared spectrum where each curve shows seven
absorption bands with closely related frequencies. However, both compounds can
be easily identified from the different band shapes as can be seen in Fig. 6 (zirconia
and hafnia show no absorption bands in the rock salt region of the infrared). Since
the concentration in KBr was less than 1 per cent it is evident that these compounds
absorb strongly in this region. Application of this region to research on ZrQ, has
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been discussed elsewhere [26]. A typical example can be seen by comparing the

frequencies of monoclinic ZrO, to the cubic form (stabilized with ('a0) in Table 1.

Eight of the spectra listed in Table 1 are shown as having “No bands” in the
region studied. Several of these compounds (BaO, and In,0,), however, do show

some indication of a beginning of a large broad band with the high frequency side

starting around 450 em~!. The BeO spectrum shows only the low frequency side
of a very broad band that has its maximum absorption frequency at approximately
830 em-*. PbO, and CdO are unusual compounds in that they have no apparent

HIO,
ot
=

2r0,

800 700 600 500 400 300 200
‘ cm™!
Fig. 6. Spectra of two similar compounds, hafnin and zirconia.

absorption bands between 4000 and 240 em-1. The infrared transmission of each
material varies with frequency, but in both cases the change occurs over a very
wide range. The concentration of the samples was greater than 1 per cent in KBr
so the absence of absorption bands cannot be considered as a lack of sample in the
matrix.

Comparison of individual studies in the literature with the data presented here
is in good agreement with a few exceptions. Paropi [16] reports CuO as having
one band at 263 em~! while the CuO spectrum in this paper shows bands at 610,
500 and 410 em~!. Analysis of our compound showed it to be at least 95 per cent
monoclinic CuQ. Other C.P. grades labeled C'uO were checked by X-ray diffraction
and found to contain large amounts of Cu,0. Without knowing the purity of
Parodi’s CuO the above discrepancy is not resolvable at this time. Much of the
data on oxides reported by VRATNY and co-workers [27] for the region 5000-416
em ! do not agree with frequencies reported here. For example, the HgO spectrum
reported in Reference [27] shows only one strong band at 574 em-1. This compound

[26] N.'T. McDevirr and W. L. Baun, J. Am. Ceram. Soc. (In press).
[27] ¥. Viearny, M. DiLuisa, F. GuoLtorra and . N. R. Rao, J. Sei. Ind. Research 208,

590 (1961).
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is probably the red HgO and proper sample preparation was not taken nto cop.
sideration (see Fig. 1). In this same paper the spectrum of Sb,0; is poorly pre.

sented, because the spectrum from the same compound shows well defined bands
in Ref. [3] and also this paper (Fig. 3).

ConcLusIon

In most cases the transmission spectra of the metal oxides exhibited broad
absorption bands in the region studied. Therefore, sample preparation witl
to particle size is the most important factor when recording the infrared s
these compounds. The larger the particle size of the material the wider the ap-
parent band width becomes. The data from this study indicates the particle size
should be 10 4 or smaller for this region of the infrared in order to obtain a rep-
resentative spectrum. Small differences in crystal structure can also be detected,
giving rise to a valuable tool for the study of polymorphism and an aid in the
research of refractory metal oxides.

The data presented here should serve as a powerful qualitative tool for the
identification of and research on metal oxides.
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the less-developed countries are increasingly turning " cent of the Federal expenditure on research, but 1.,
< to suxiliary workers, or technical assistants, figures are given for other countries. ¥n Norway Table 1, wr
k) The problem of obtaining adequate information public research expenditure rase from 14-7 millioy, !“% ——————
N for social programmes is in part that of balancing  kroner in 1933 to 834 million kroner in 1952, and .
% . the use of limited ‘resources ; lmt. reliance on social total expendirure on public and private research ani | Experiment].-
i resoarch as a basis for formulaving, checking and development (both civil and military) is estimated gy P : No.
R R evaluating systematic plans and programmes is about 1 per cent or mors of £ross national expenditure i _‘—\l-
} - increasing, and more attention js being given to in the German Federal Republie, Great  Britain, i 1 i
1.  experimentation and small trisls bofore launching  the Netherlands, the United States and the U.S.8.K. ) lx"!
{ large projects. In regard to finance, however, there In the economically developed countries, non-military e —
¥ is littlo agreement as to what constitutes balanced research expenditure appears to be between 0-3 anl l{
3 development or a halanced allocation of funds for 1 per cent of national income, but in undevelope] B T
f simultaneous economic and social development, or as countries it is much less, During the decade end- l“;
}‘ . to the order and timing of expenditures on different ing 1932, population censuses wore conducted i Vi
A types of programme; nor does a chapter in the 155 out of 239 areas of the world, covering nearly _\"‘T -
: survey dealing specifically with reseacch and surveys 80 per cent of the world’s population. Ninety-five 1
? in connexion with social programmes warrant any countries and territories have taken on agricultura] c V‘I'"
. confidence that a more detailed framework of thought censuses within tho framework of the 1950 World 1{\!
G to guide specific decisions is either possiblo or Census of Agriculture, and since 1948 more than X
Y desirable. thirty countries or torritorios have published 4 .
W This chapter is woll documentod and gives a briof general statistical bulletin for the first time. 1Inp ﬁ_od'w‘:":‘y"“ of variauce {
B picture of tho organization of govornment research general, however, the rolo of the social scientist in a) rl)l:??bc;?éin (alcoh
4 4:  m various countrics, as well as of such recent develop-  rolation 10 socizl policy appears to be uncertain, ”"'°’““;‘"°d) 85 per cent,
f x  ments in the technique of research into social prob- The remaining chapters of the survey deal separ. (e) N?Jgﬁﬂ’c“.'é:h :ws";
Lo lems as the sample survey and the interdisciplinary ately with health, nutrition, education, labour and 10 (d) B vitamins (all pes
s approach, known as operational research. While, social socurity programmes; with the programines 30 %gk.’ fibodavin 12 g
however, the increase in government statistical to improve housing and community facilities and 1o {€) Tryptophan: 1 4
: activities, especially in the under-doveloped areas, is  aid the consumer ; and with special programmes of
. emphasized, little information ig given, or appears to  social protection and rohabilitation, or of social growth-rate was th, .
) be available, as to expenditure on social research. development for rural areas; and with generyl of untreated Maizo,
o ! In the United States it amounts to some 2-3 per approaches to social development. It was suspected |
{_ : experimonts that he
. : . less of somo of 11, Vi
3 . untreated miaize, o
.- " required for grow i, 4

flavin and thin,. o, .

A DIETARY DEFECT IN MAIZE DEVELOPED DURING TREATMENT vitamming aro e by
= WITH LIME but Zczaya and A

v : favin was abser:
. By P. L. PELLETT and Pror. B. S. PLATT, C.M.G.

Human Nutrition Research Unit, Medical Research Council Laboratories, Hampstead, N.W.3

Gt
have reported ... ..
nicotinic acid i

g Analysis of riy .y,
5 . N . L . nicotinic acid, ¢ ..,
L IN & recent appraisal of the state of knowledge on nicotinic acid following hydrolysis with alkali o a (Table 2) considerabie
. pellagral, it was agreed that the problem of the ‘bound’ form®S, or to the racemization of certain during lime troatinent
}' ' pellagragenic propertios of maize is not yet solved amino-acids, thereby avoiding amino-acid imbalai:co previous experirgents
A and that the etiology of the disease is by no means in the diett. The highly critical nature of the balarnco did not affect the de
; ’ simple. The incidence of pellagra is reported to be of amino-acids for growth has been emphasized in a possibility that it wnus

low in some regions of Moxico where the consumption
the explanation of this is not cloar
the disease is not diagnosed or

recent paper by Elvehjem and Harpers®.
The diets of the rats in the threo previously
reported experiments on the effoct of lime-treatmeut

somo flavin’ or thiamine was
of maize is high ; |

\
—it may be that Tablo 2. Viramiy Coxven

reported, that the diet contains some foods, for of maize havoe contained adequato amounts of tho —_—
example, beans, which protect the consumer, or it known B-vitamins oxcept nicotinic acid, the investi. T
may be the result of the method of preparing the gators having been concerned primarily with the Vitamii Methed of

& maize grain for making tortillas. Tho last of these

effects of limo on the availability of nicotinic acid. y
possible oxplanations has led to several investigations '

Howevor, since lime-treated maizo, whon substitut id

—— e

“‘ on tho effects on the nutritive valuo of maize when for untreated maize in human dietaries, may not he Nicotlnic | Mierericd

-l treated with lime in tho Mexican manner. combined in diets with foods supplying adequute acid Lacts.
) " Krehl et al.? found no difference between rats fod on  amounts of B-vitamins, oxperiments have been made Riboflavin _mif" '_;:f,‘ "‘,:
lime-treated or raw maize. Howover, Laguna and on the effocts on rats of diets consisting mainly of Thi“m“;; C,m,:‘,: 'r-

. Carpenter?, Cravioto ef al.* and Squibb et al.t roported lime-treated or untreasted maize and without supp:e- e

N that rats fed on lime-treated maizo grew bettor than ments of the B-vitamin complex. - -

rats given untreated maize ; those results have beon The results obtained in throe soparatoe experimer.ts

The results in fab'e -

Phaer e

Ty SO
‘I
1
3
:

confirmed in our laboratory. Rocently, Braude ef al.% are summarized in Table 1, from which it can be scon
reported the curative offoct on pellagra in pigs of that : (i) the rate of growth of tho rats fod on linie- | riboflavin or thimning t
3 maize which had heen partislly hydrolysed with troated maize was significantly lower than that of an inereased growiii-rag

the control aninuls,
The effoct OF ribofinyis
of thiamine, and the w
about 22 gin. per'rat du
per duy for rats of simi
the vitamin B-complex «

sodium hydroxide ; but Goldsmith e¢ gl.7 woroe unablo
to demonstrato any benoficial effocts of lime-treated
maize in human pellagrins,

The offect of lime on the natritive value of maize
has boen ascribod either to an increaso in ‘available’

the rats on untreated maize ; (ii) supplementation of
the diet with either nicotinic acid or tryptophan had
no effect on this depressed growth-rate ; (iii) on
addition to the diot containing lime-treated maize of
aureomycin or of & mixture of B-vitamins, the

T Ly ey

S - S e
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- .w,w‘
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£ certa. -
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= balan. -
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revious!:
roatment
s of th-
= fnvost
with tl.n
nic aci .
ostituts d
~ not be
é,dequuf»
BN ma e
wainly of
. BUp

ariments
1 bo 8O
on ]ilh(“

that
ation !
han ha!

(iii) ~"'-

maizo !
ing, the*

fnod were analyseq.
(a) Diet: ‘cassin (alcohol extracted) g ner
lin:e-treated) 85 per cent, The
(&) Aurenmycin : 10 mgm,
{e) Nicotinfe acld : 3 mpm,
(d) B vitamins (all per
10 mgu, riboflayiy 1
0 mgm,

cent, salt mixtyre (de

pPer 100 gm, ¢ et,

&m, diet
100 gm. of diet)
2 mgin,, pyridoxine'1-0 mgm., caleium

{e) Teyptophap : 100 migm, per 100 gm. diet.

growth-rato was the Same as that of ratg on a diet
of untreated maize,

It was Suspected from g consideration of these
experiments that the lime-treated maize eontained
less of somo of the vitaming of the B-complox than
untreatod maize, probably of thege known to e
required for growtl and alkali-lubile, namely, ribo.
lavir and thiamine, According to Cravioto et qi.»
vitaiing are not destroyed duriug lime tro.a.tment;;
but Zozaya and Alvarado® hgye reported that ribo-
favin was abseng from tortillag and Squibb ef g+
have ieported

M

acid,
iTable 2) considorable losses of all three vitaming

'a' during lime treatment and, since it was known from

; PTvvions experiments that additiong of nicotinic acid
{4 ot affeet the depressed rate of growth, the

ssibility that jt was due to Insufficiency of rjbo.
favin or thiamine was investigated,

¥ Tale o, VITAMIN ConreNT OF RAw AND LIME-TREATED Manzg
)‘ T ——————

b4 Content In pgm/gm,

L I . (watcr content 9-10

i Vitamin Method of analysis per cent)

3 Lime-

‘ Raw treated

h T — —— ——
; Meatingy Microblologica ; 18-0 120

. acid Lactobacitlys arabinosus 13-6 10-5

. Bibuflay, Microbiological : 1-4 06

§ Lactobacillus cage; € : .

: Triamin,:  Chemica] ; thiochrome

x i

3

P Tho pe. dts in Tablo § show that addition of oither
! "*fﬂuvm 't thiamine to lime-treated maize produced
¢ 4lineregy, . growth-rato ag Comparod with that of
A 42 conty animals,

H T hp offit, of riboflavin wag much greator thay, that
FLA ”“ilmiln‘-, and tho weight gain on tho formoer of
Toovu 2.3 por rat daily is close to that of 2.] gm,

. Brday g rats of similar woights on the divt with
r M vitemin, B-complox supplement. It 8ppeurs, then,

" 2s

mnetliod m‘linvc-trentment of muize w,
i

Louelro) 4

from these res
growth

madeq

vitamin-spur

microfl

beneficial offects

The

uces shown to pe highly signiticapt

Per cent, sucroge 5
as that of Cravioto (ref. 9y,

: choline 200 mgm,, inositol 100 mgm,, para amino-benzoje g
-Pantothenate 2.

0 mgm., biotin

02 mgm., folie

« -~ -
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J Table |, WEIGHT Gaixg OF RaTs CpoN Raw AND LivB-TREATED DIETs wity AND WiTHor £ ARIOTE SUPPLEMENTS
{
| Average weight.gain ! !
Diet (a} { Average weight.gaiy, Per Lo gm. foay vaten | . )
— **—-——-\———} Nu. of rats (4 weekg)y (4 weeks) pe ;
Maize Supplement ) om, m, I
— T ——— — e - e e ..A--‘-—l
i{_m\ Q‘um’ f 235 . i
ime None 1 i8-9 !
aw Aureomyein (5) [] 24-0 ’ < 0o
Lime Aureomycin (») [} 2B | !
- Y R S
Raw None 1) . 215 1 .
f Lime None # . 15-1. {
! Raw Aureomyein (4) 4 53-2 20-R 0 01
_ Lime Aureomycin (4 6 30-0 214 N i
i Raw Nicotinic acig (¢) a 5338-7 220
, Lime | Nicotinic aei (c) 8 373 166 {
j ——— ’—.._.“ e ————— “-___“*.._._. T e e B e
Raw i None [ 497 213
Lime | None ] 273 15-0 |
Iaw B vitaming (d) 4 648 i 239
Lime I vitamins (d) [ 680-2 { 230 < 0001
. Raw Iyptophan (¢) 6 500 2041 f
i Lime Tryptophan {e) 6 273 15-0 '
S v —— ]
® Analysis of variance technique ysed. Effects of djet differe

when results of welght-gain per 100 g,

Per cent, lard 3 Per cent, maize (raw or

cid 44 mgm,, thiamine hydrochloride
acid 0-6 mgm., nicotinic aeid

tts that the main cause of the retarded
of animals on lime-treated maize

is an

uate amount of riboflavin conscquent  on
destruction during
thiamine intake jg Probably marginal and the growth
increase obtained with aurcomyein may be due to 8

Possibiljt

substitut

meal would have th

of calcium in tho
total nicotinie aci

unboun

improved,

The disadvantagos

ing action effected
ora of the gut of the
he low incidence

1ty

of pellagra is o
ion of lime-treated for whole maize

diet,
d in the
d) form, though

lime treatment of the grain ; the

in some way by the
rat,

of pellagra reported from AMexico
of this being due to the alleged

of lime-treated maize has led to
80me trials in Southern Rhodesign
the introduction of the
the prevention

with a view to
Process into a region in which
problom.

© merit of increasing the amount,
of raising the Proportion of the
grain in ‘agvailable’ (that js,
from Tah] 2, about a third
the ‘bran’ of
digestion
treated product might bhe
would

include substantial

reduction jin the amounts of riboflavin and thiamine,

Table 3. AVERAGE Wg
AIZE AND Syp,

All animalg had Dteviously heen on a Hme-trented
4 weeks. The supplementy

mented die
riboflavin o,

thiamine

Average Average
No. | Initta} weight weight
Diet of laverage S.E.¢| after S.E.*| gin
rats | weight 10 days (gm.)
{(gm.) dosing
(gm.)
| [
Lime-ireateq
majze 62-5 61 690 7-3 8-5
Lime-treateq
maize +
riboflavin 4 56-0 33 78-0 3-8 22.9
me-treated
majze +

t for 8
T thiamine for

GHT-GAINS oF ANIMALS FED oNn LIME-TREATED
PLEMENT op RIBOFLAVIN

OR THIAMINE

*® Standard error of the mean,

unsupple.
were 150 ugin, daily of
perlod of 10 days,
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The ammmt of ribotlavin in the traditional diets of
the tribes of Central Africs having maize s their
staple food may be low. Platt and Webb!t estimate
& content of 113 mgm. riboflavin for a 3.060 Cal.
diet (not containing grain ‘beer'y ; the allowance of
riboflavin recommended by the British Medical
Association Commitree!? i3 1'8 mgm. for a male
adult on a 3,000 Cal. diet.  In the dietaries of
sophisticated African communities whole muaize meal
(machinc-milled grain) frequently replaces  the
domestically prepared  maize flour, and in such

dictaries the amount of vegetables and fruit, which -

are important sources of riboflavin, is often much
less than in the traditional dietary,

It is important in this connexion to note that one
of us (B. 8. P.} has worked throughout the year in
the Central African territory of Nyasaland, where thoe
peoplo obtain sometimes o3 much as three.quarters of
their energy from maize, and yet, in the rural areas,
pellagra was never seen. The niaize flour used was
prepared by the women by a process widely usged
throughout” Africa which includes  sosking and
fermentation. The use of such flour may have con.
tributed to the absence of pellagra ; tho extensive
consumption of grain ‘heer'1¢ may also be a factori?,ts,
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We are grateful 1o the Lederle Laboratories Divisiug
of Cyanamid Products, Ltd., for their it of o sampl,
of aurcomycin and to Dy, V. Mikulicic, a Worlg
Health Organization Fellow. for his assistance in the
lator stages of the above work, [Nov. 22
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MEANING OF DEUTERIUM ABUNDANCE [N METEORITES
By Dr. GIOVANNI BOATO

Istituto Fisico deil’Universiti, Genova

HE article by (4. Edwards on the “Isotopic

Composition of Meteoritic Hydrogen™! contains
some very questionable statements about the mean-
ing of the deuterium content of moteorites and an
incorrect, interprotation of the results and conclusions
reached by me on the same subject?.

The significance of the determination of the D/H
ratio in planetary objects in connexion with the
problem of the origin and the formation of the solar
system was pointed out g few years ago by Urey?
and by Kuiper* and was discussed in detail more
recently by me®. Some further comments can be
added here.

The isutopic evidence may be used in the following
way. First, it ig necessury to determine whother
there is a dofinite difforence between tho deuterium
content of the Earth and that of meteorites, these last
being regarded as our only specimens of the material
present in the planctary space outside the Earth, A
definite difference, namely, a difference of more than
ono average fractionation stage, would suggest that
an enrichment process othor than ordinary chemical
fractionation had operatod on the hydrogen isotopes
at some time botween the initisl accumulation of the
planetary bodies and the present time. The lack of
such a definite difforenco in the carbonaceous
chondrites, together with the other exporimental
ovidence, suggested to me that the primoval cosmic
abundance of douterium could not bo difforent from
the terrestrial abundance within a factor of the order
of & chemical fractionation stago. Such a conclusion
is supported also by tho data of Edwards on the iron
meteorites.

The sccond step to bo taken is 8 more dotailed
study of deuterium abundance in difforent types
of meteorites and difforent hydrogen compounds, in
order to understand which fractionation processes

are responsiblo for the observed variations. Thia
kind of work requires a largo number of anal: Ses,
carried out in a systematic manner, since the exper.
montal method is dolicate and additional evides. . i,
generally lacking. Thus I feol that the lin.ayj
amouny of knowlodge on the origin of the mete. 1.,
and the small number of deuterium analyses 1, ul.-
moaningless at the present time such questiot . .
whother the D/H ratio in the iron meteorites is ...
‘roliable’ than tho D/H ratio in carbonaceous i i
drites, as Dr. Edwards tries to Prove in his ar:ich.
The detailed reasons for this will be given at the cnd
of this article,

In attempting to demonstrate that his resuli« u
more conclusive tha_n mine, Dr. Edwards makes tw.
main criticisms of my work : (1) that I “attuchei
special significance” to some specific results; (2.
that my analytical data may be wrong, since \Wiik!
found Bystematically higher water contents i his
chemical analyses of the carbonaceous chondritus.

So far as the first point is concerned, my nter
pretation of the significance of the four rosuls
showing deuterium content outside the rance
terrestrial variations was clearly stated. It wa- only
one additional proof that we were dealing with. tru
meteoritic water, but it was nover stated the
“speeial significance [was attached] to the three ¢ it
in which he found deuterium to be more than .5 per
cont higher than in Lake Michigan water™ AR
from Edwards’s paper). I would like to empi..siz
that I never said that the concentration of deut. riun
in the planotary space was 25 por cent higher tha.
that on the Enrth. '

The second point, that is, the difforence betweer
Wiik’s results and mine on tho total water content.
needs a little more attention, Tho reason for the
divergence—which Dr. Edwards perhaps did no
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Translated from the German

Res FDRL 10/9/3
Landwirtsch, Porschung 7, 128-30 (1955)
THE PLAME-PHOTOMETRIC DETERMINATION OF Ca0 IN FODIER AND SOILS

H. Westerhoffx)
(agricultural Testing Office and Experimental station oOldenburg of the
Chamber of Agriculture wester-Ems;

Directors F, Nieschlag
(Received on October 20, 1954)

Phosphates, iron ions, and especially aluminum ions disturb the flame-
photometric determination of calcium to a considerable extent. According
to my experience, using this determination for 100 ml solutions containing
10 mg Al in addition to 50 mg Ca0, I obtained CaO-contents decreased by
25%. when fodder and soils were tested, the Ca0-deficits sometimes went
down to 35%. Several investigators have attempted to eliminate these
errors with’out being able to arrive at, for practical purposes, useful re-
sults (1)(2), 1In their work, Gjems and L#dersen (2) attempted to eliminate
these errors by using precipitation of aluminum as aluminum benzoate. How-
ever, this method 1is only successful in cases in which only very small guan-
tities of P205 are present. This method does not give useful results for the
analysis of fodder, According to the method developed by Schneider (3), the
CaO-content is determined by the addition of ammonium citrate and precipita-

tion of P205 with magnesia mixture., The deviations from the gravimetrically

*) ’
. Miss A. Reiner, Technical Assistant, is thanked for her cooperation in

carrying out the experiments.:

-2 .
found values are still relatively high.

The flame-photometer used was a rebuilt old schuhknecht-waibel apparatus
into which the selenium cell Sog of the concern Lange had been built in as
photo-element. The falem was produced by an acetylene - air mixture, The
filter KRy of the concern Musterschmidt, Goettingen, served as color filter.
This filter showed a certain transmittancy for lines generated by potassiun
compounds, hence, the galvanometor deflections measured for Ca0 in the pres-
ence of potassium had to be corrected. It turned out that under the described
conditions of operation, the corrections were independent of the CaO-quantity
and proportional to the quantity of potassium present, Thus, it is necessary
to det;armine the quantity of potassium when this color filter is used, but
this is easy to accomplish flame-photometrically. It is probable that this
condition can be eliminated by the use of interference filters or other suit-
able color filters.

The disturbance of the determination by the presence of phosphoric acid
depends upon the P205-oontent and the CaO-content of the solutions to be anal-
yzed. X8hnlein and L#cke (1) established that with increaging addition of
9205 to constant Cal0-quantities, the galvancmeter deflections decreased only
until a certain phosphate concentration had been reached (Ca0: P2°5 =1,23)
whereas from this point on, the galvanometer deflections remained constant
at higher ons-quantities. One can use this result in the Ca-determination
by beforehand adding so much phosphate that this Ca0 : P,0; ratio is sur-
passed even at the highest Ca.O-quantity to be expected. Hence, I have added
to each CalO-determination 100 mg P,0p as (N1 ,) HPO, OF (W, )H,PO4.

1t is much more difficult to eliminate the disturbance caused by iron- or
aluminum ions., This purpose was not accomplished by the addition of tartrate-
or citrate ions for complexing iron and aluminum. The most suitable method
proved to be the precipitation of the sesquioxides with ammonium acetate and

the flame-photometric determination of the Ca0-content in the filtrate. This

e hoeot sameamnliched aa follows: To an aliguot of the ash dissolved in HC1



which should contain 1 ml of 25% HC1l, one adds 2 ml phosphate solution (100
mg p205), transfers this solution to a 100 ml flask, dilutes with water to
about 70 ml, and heats to boiling. Then, one adds 4 ml of a 50% ammonium
acetate solution and brings the solution again to a boil for a short time.
After the solution has been allowed to cool, it is filtered through a fluted
filter, and the filtrate is atomized in the flame-photometer, cCare has to be
taken that the ammonium acetate is added to the boiling solution and that
filtration is carried out even when no visible precipitate has been formed.
One prepares the standard solutions for standardizing the flame-photometer )
by introducing a2 solution of 1, 2 ...eceveusrnvse..10 mg Cal into a 100 ml
flask, adding 1 ml of 25% HCl, 2 ml ammonium phosphate solution, 4 ml ammon-
ium acetate solution, and filling up with water to 100 ml, -

The results reported in the following Table confirm that this relatively
simple method gives useful results for the Ca-content of fodder. For 41
fodder samples, the CaO-quantities determined by precipitation with ammonium
oxalate were compared with the values obtained by flame-photometry. It
turned out tt;at in the case of 54% of all the samples, the CaO~contents
determined by flame-photometry deviated from the values determined with
armmonium oxalate by less th;'m 5%. In the case of about a third of the sam-
ples, errors between 5 and 10% were obtained. In the case of 14.5% of the
tests, the error was somewhat greater than 10%.

In the case of the 9 bog samples which were analyzed, it is doubtful
whether these few results allow us to draw any conclusions at all, At any
rate, the found deviations are somewhat greater, but remain approximately

in the same order of magnitude (see the Table).

-4 -
TABLE
% cal % Error

with flame rela- abso-
sample Material NH4- photo- tive lute
No. : Oxalate metric-

= ally

2000 Hay 2,60 2,63 +0.03 + 1.1
2072 silage 2,00 1.97 -0,03 - 1.5
2213 4 1.74 1.70 -0,04 - 2.3
2214 4 2,17 2,03 -0,14 - 8.2
222y ° 0» 0.81 0,76 -0,05 -6,1
2379 Topped Beets 0,38 0,40 . 40,02 4+ 5,3
1919 silage 2,00 1,81 -0,19 - 9.3
2420 " 1.10 0,98 -0,12 -10.9
2421 " 1.31 1.34 40,03 - 2.3
2422 . 1,31 1.27 -0.04 - 3.0
2423 . 0,97 1.00 +0,03 + 3.1
2810 Nettles 1.64 1.56 -0,08 - 4,9
2827 Hay 1,23 1.24 +0.0 + 0.8
2828 Grass 0,84 0.92 40,08 + 9.5
2837 Dried Green Fodder 0.76 0.76 [} 0
2839 " 0.63 0.70 +0.07 +11.1
2842 Early grass 0,98 1.05 +0,07 + 7.2
2863 Landsberg Mixture 1.45 1.60 40,15 +10,3
2864 Dried Green Fodder 0.70 0,80 40,10 +14.3
2865 - 0.97 1.05 40,08 + 8.3
2881 Green Meal 1.07 1,08 40,01 + 0,9
2882 - 0.75 0.78 40,03 + 4,0
2883 o 0,70 0,73 40,03 + 4.3
2884 A 0.60 0,78 40,09 +13.1
2885 b 0.75 0.80 40,05 + 6,7
1996 Dried &gs, Chips 1.40 1,34 -0,06 - 4,2
1997 Troblaco 1.21 1.14 -0.07 - 5.8
1998 Hay 0,89 0.86 -0.03 - 3.4
1999 » 1.16 1,12 -0.04 - 3.4
2001 v 2,60 2,52 -0.08 - 3,1
2002 Pea Straw 1.50 1,48 -0,02 -1.3
2525 silage 0.41 0,40 -0,01 - 2.4
2543 Grass 0.83 0,76 -0.07 - 8,4

‘)(Translator's Remarks) Troblaco®is a rich fodder, especially suited
for dairy cattle which consists of sugar beet leaves with topped beets and
is artificially dried., 1000 parts contain 113 parts crude protein, 72
parts digestible protein, and 508 starch units (Hermann R8mpp, "Chemie
Lexikon", 6th ed,, tuttgart, 1966 p. 6674).



Table continued.

1976 Silags «) 2,10 2.25 48,15 + 7.1
1877 Troblacoe 1,93 1.81 40,12 - 6.4
2335 Silage 1,26 1.27 40,01 + 0,8
2434 wheatBran 0,75 0,72 -0.03 - 4.0
2436 Coarse Soybean Meal - 0,46 0.46 0 [}
2437 Coarse Peanut Meal 0,26 0,25 ~0,01 - 3.8
2338 Coarse Palm-Kernel]

Meal 0.52 0,58 40,06 +11.5
2505 Orchard Grass 1.71 1.60 -0,09 - 6.4
1036 Bog Soil 0.66 0.73 +0,07 +10,6
745 L} 2,27 1.92 -0.29 -15.4
746 L 2,82 2,52 -0.30 -10.7
747 " 2,12 2,07 -0,05 - 2.4
748 " ‘ 1.96 1.84 ~0.12 -6,1
749 b 1.89 1.88 ~0,01 - 0,5
750 b 2,28 2,10 -0.18 -7.9
751 b 4,24 3.92 -0,32 -7.5

Carrying out the Determination

1. Ca0 -- Dpissolve 1 g €20 (analysis grade) in a small quantity of HCl
® and fill uvp to 1 liter with HZO, 1 ml=1mg cao,

2, Dpissolve 500 g ammonium acetate in water and dilute to 1 liter,

3. Dissolve 92 g (N{4)2¥{P04 in water and dilute to 1 liter,

Ash 2,5 g material, rinse into a 100 ml flask, treat with 10 ml of 25%
HC1, and heat to boiling, after cooling, f£ill the flask to the mark, after
dissolved parts have been allowed to settle for a short time, pipet 10 ml of
the solution jnto a 100 ml flask, dilute with H20 to about 70 ml, add 2 m1
“"’4)2’“’04 solution, and heat to boiling on the wire het. To the boiling
solution, add 4 m1 ammonium acetate solution, boil the solution again for a
short time, cool, and filter through a fluteq filter, atomize the solution

thus prepared in the flame photometer,

tancdard Solutions -- Introduce 0.5, 1, eseceee 10 ml Ca0 into a 100 ml
o sesr . Rolutions
flask, aéd 1 ml of 25% HCL, 2 ml (m4)21m04 solution, 4 ml ammonium acetate

soluticn, and £i11 up to 100 ml,

-6 -
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Beitrag zur flammenphotometrischen CaOsBestimmung
in Futtermitteln und Béden

(Aus dem Landw. Untersuchungsamt u. Versuchsanstalt Oldenburg der Landwirtschafts-
kammer Weser-Ems; Direktor: F. Niecschlag)

Von H. Westerholf!)

' (Eingegangen am 20. 10. 1954)

Phosphate, Eisen- und besonders Alumi-
niumionen stéren die flammenphotometrische
Bestimmung des Calciums sehr erheblich.
Nach eigenen Erfahrungen wurden in Ldsun-
gen, die in 100 ml neben 50 mg CaO noch 10
mg Al enthiclten, Mindergehalte an CaO von
259% testgestellt. Bei der Untersuchung von
Futtermitteln und Boiden ergaben sich teil-
weise Mindergehalte bis 35% CaO. Mehrere
Autoren haben sich bemiiht, diese Fehler aus-
zuschalten, ochne jedoch zu praktisch brauch-
baren Ergebnissen zu gelangen (1, 2). In der
Arbeit von Gjems und Liidersen (2) wird
versucht, diese Storungen der CaO-Bestim-
mung durch Ausfillen des Aluminiums mit
Hilfe von Aluminiumbenzoat zu beseitigen.
Dies gelingt aber nur in Fillen, in denen sehr
wenig P,0O; anwesend ist. Bei Futtermitteln
liefert diese Methode keine brauchbaren Er-
gebnisse. Nach der von Schneider (3) aus-
gearbeiteten Methode wird der CaO-Gehalt
nach Zusatz von Ammonzitrat und Abschei-
dung der P,O; mit Magnesiamischung vorge-
nommen. Die Abweichungen von den gravi-

metrisch ermittelten Werten sind aber noch

verhiltnismiBig hoch.

Als Flammenphotometer diente ein umge-
bautes altes Schuhknecht-Waibelgerdt, in wel-
hies als Photoelement die Selenzelle S,, der
Firma Lange eingebaut worden war. Die
Flamme wurde durch Acetylen/Luftgemisch
erzeugt. Als Lichtfilter wurde das Filter KR,
der Firma Musterschmidt, Gottingen, verwen-
det. Da dieses Filter aber eine gewisse
Durchiiissigkeit fiic durch Kaliverbindungen
erzeugte Linien zeigte, mufiten die bei Anwe-
senheit von Kali durch Ca0 gemessenen Galva-

1) Der landw.-techn. Assistentin Frl. A. Rei-
ners bin ich fir dic rege Mitarbeit bei der
praktischen Durchfithrung der Versuche sehr
dankbar.
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nometerausschlige korrigiert werden. Es zeigte
sich aber, dag diese Korrekturen unter den ge-
gebenen Arbeitshedingungen unabhingig von
der CaO-Menge und der vorhandenen Kali-
menge proportional waren. Es ist bel Verwen-
dung dieses Lichtfilters zwar erforderlich, die
vorhandene Kalimenge zu ermitteln, doch 140y
sich dies flammenphotometrisch sehr leicht
durchfithren. Durch Verwendung von Inter-
ferenz- oder sonstigen geeigneten Lichtfiltern
148t sich dieser Umstand aber wahrscheinlich
leicht beseitigen.

Die Storung der Bestimmung durch vor-
handene Phosphorsiure ist abhingig von dem
P.O;- und dem CaO-Gehalt der zu untersu-
chenden Lésungen. Kéhnlein u. Liicke
(1) haben festgestellt, dag bei steigendem Zu-
satz von P,Os zu konstanten CaO-Mengen die
Galvanometerausschlige nur bis zu einer be-
stimmten Phosphatkonzentration (CaO : PO,
= 1,23) abnahmen, um dann bei hoheren P,0;-
Mengen konstant zu bleiben. Diesen Befund
kann man sich nun bei der Ca-Bestimmung
insofern zunutze machen, als man von vorn-
herein der zu untersuchenden Lésung soviel
Phosphat zufiigt, daB dieses Ca0 : P,0,-Ver-
hiltnis auch bei der hichsten zu erwartenden
CaO-Menge iiberschritten wird. 1ch habe des-
halb zu jeder CaO-Bestimmung 100 mg P,0,
als (NH,),HPO, oder NH H,PO, zugelilgt.

Weit schwieriger ist es, die durch Eisen- und
Aluminiumionen verursachte Stdrung auszu-
schalten. Zusatz von Tartrat- oder Zitrationen,
um Eisen und Aluminium komplex zu binden.
tiihrten nicht zum Ziele. Als am besten geeig-
net erwies es sich, die Sesquioxyde mit Hilfe
von Ammoniumacetat auszufillen und im
Filtrat den CaO-Gehalt flammenphotometrisch
2u ermitteln. Man verfihrt dabei am besten
so, daB man einen aliquoten Teil der salzsau-

ren Aschenlésung, der 1 ml 25%ige HC! ent-

halten soll, mit 2 ml Phosphatidsung (100 mg
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P,0y) versetzt, in einem 100 ml Kolben auf
ungelihr 70 m! mit Wasser verdiinnt und zum

Sieden erhitzt. Dann fiigt man 4 ml 50%ige’

Ammonacetatlésung hinzu und 146t nochmals
kurz aufkochen. Nach dem Abkihlen (il-
triert man durch ein Faltenfilter und zer-
stiubt das erhaltene Filtrat im Flammen-
photometer. Es ist dabei daraut z2u achten, daf}
das Ammonacetat zur siedenden Lésung ge-
geben wird und da8 eine Filtration auch dann
vorgenommen werden mufl, wenn sich kein
sichtbarer WNiederschlag gebildet hat. Die
Standardlésungen zur Eichung des Flammen-
photometers werden hergestellt, indem man
in einem 100-m1-Kélbchen zu einer Lésung von
1,2....10 mg Ca0, 1 ml 25% HCI, 2 ml Am-
monphosphatlsung und 4 m! Ammonacetat-
16sung hinzugibt und auf 100 ml mit Wasser
aulfallt.

Daf} diese verhiltnismagBig einfache Methode
brauchbare Werte fiir den Ca-Gehalt von Fut-
termitteln ergibt, wird durch die Befunde der
foigenden Tabelle erhirtet. Es wurden ber 41
Futtermittelproben die durch Fillen mit Am-
monoxalat erhaltenen CaO-Mengen mit den
flammenphotometrisch ermittelten verglichen.
Es zeigte sich dabei, dal bei 54% aller Proben
die Abweichung der flammenphotometrisch
ermittelten CaO-Gcehalte von den mit Ammon-
oxalat ermittelten Werten unter 5% lag. Bei
ungefihr einem Drittel der Proben ergaben
sich Fehler zwischen § und 10%. Bei 14,5% der
Untersuchungen war der Fehler etwas grofer
als 10%.

Bel den 8 untersuchten Moorbdden sind die

* ermittelten Abweichungen, sofern diese weni-

gen Befunde Giberhaupt einen SchluB erlauben,
zwar etwas grofer. Sie bewegen sich aber in
ungefihr derselben GroBenordnung (siehe ne-
benstehende Tabelle).

Durchfithrung der Bestimmung:
Erforderliche Lésungen:

1.Ca0 :1g CaO zur Analyse wird in wenig
HCI geldst und zu einem 1 mit H,0 aufgefiillt,
tml = 1 mg CaO.

2. 500 g NHacetat werden zu 1 1 in Wasser
gelost.

3.92 g (NH,),HPO, zu 1 1 Wasser l6sen.

25 g Substanz werden verascht, in ein 100-ml-

Kolbchen iibergespiilt, mit 10 ml 25%iger HCl
versetzt und zum Sieden erhitzt. Nach dem Ab-
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2000, Heu 2,60 2,63 +0,03 + 1,1
2072 Silofuster 2,001,997 —0.07 — 1.5
2213 . 174 1,70 —0.04 — 2.3
2214 . 2,17,2,03, —0,14 — 8,2
2221 . 041076, —003 ~ 6,1
2379, G. K. Riben 0.38 0.40 +0.02 + 53
1919] Silofutter 2,00 1,81 --0,19 — 93
2420! . 1,10 098 —0,12 —10.9
2421 . 130 1,34 +003 + 23
2422 . 1,91 1,27, —004 — 30
2423 . 097 100 40,03 + 31
2810} Brennessel 1,64 1.56 —0,08 — 49
2827, Heu 1,23 1.24 4001 + 0,3
2828 Gras 0,84 0,92 +0.08, + 9.5
2837 Trokengranfutter 076076 0 | 0
2339 s 0,63 0.70 40,07 +11,1
2842 junggras 0,9% 1.05 +007 + 7.2
2863] Landsb. Gemenge . 1,49 160, +0,15 +10,3
2864 Trodkengranfutter 0,70 0,80 4-0,1¢ + 14,3
28653 X 0.97 1,05 +0.08 + 8.3
2881 Granmehd 1,07 1,08 +0,01 + 09
2882 . 1075 0.78 +0.0% + 4.0
2883 . ,0,70 0.73 +0.03 + 4.3
2884 . 10,69 078 4 0.09; + 13,1
2885 . 0,75 0.80 40,05 + 6.7
1996 Trodkensdnitzel 1,40 1,34 —0,06 -~ 4,2
1997| Troblaco. 121 1,14 —007 — 538
1998] Heu 0.89 0,86 —0.03 — 3.4
1999 . 116 112 —004 — 3.4
2008 . 2,60 2,52 —0.08 — 3.4
2002 Erbsenstroh 1,50 1.48, —0.02 — 1,3
2525 Silofutter 0,41 0,40 —0.01) — 2,4
2543] Gras 0,83 0.76. —0.07, — 8.4
1976| Stlofutter [2.10,2.25 4013 + 7.4
1977 Troblaco 193 1.81' =012 — 6.4
2335! Silage 1,26 1,27, +001, + 0.8
2434] Weizenkleie 10,75 0,72 —~0,03 — 40
2426( Sojaschrot .046 046 O
2437| Erdnulschrot :0,26 0,25 —0,01! — 3,8
2433| Palmkemsdhrot 052 038 +006 +11,5
2505 Knaulgras 711,60 —009 — 6,4
1036] Moorboden 0,66 073 +0.07 +10,6
743 . °2,27 1,92 —0.29 —15,4
© 746) . 2,82 2,52 —0,30 —10,7
747 . 2,12 207 —0,05 — 2.4
748 . 1,96 1,84 ~—0,12 — 6,1
749 . 1.89 1,88 —0,01 — 0,5
750! . 2,28 2,10 0,18 — 7,9
751 .- 424392 —032,— 7,5

kithlen wird bis zur Marke aufgefullt. Man li0t
die ungelosten Teile kurz absitzen und pipettiert
10 ml der Lésung in ein 100-mi-Kolbchen, ver-
diinnt mit H.0 auf ungefihr 70 mi, figt 2 ml
(NH,),HPO,-Lisung hinzu und erhitzt auf dem
Drahtnetz zum Sieden. Zur siedendheiflen Losung
gibt man 4 m! NH,-Acetatlosung, 1i6t nochmals
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kurz aufkochen, kiithit ab, fiilit zur Marke auf
und filtriert durch ein Faltenfilter. Die so er-
haltene Lisung wird im Flammenphotometer
zerstiubt.

Standardlésungen: Zu 05;1....10
mg CaO in 100-m!-Kéibchen werden 1 ml
25%ige HCI, 2 ml (NI,),HPO~Losung und 4 m}
NH‘-acétntlésung gegeben und auf 100 m! auf-
gefiilit.
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Karotingehalt und Heuqualitiit

(Aus dem Staatl. Forschungs- und Beratungsinstitut fir Héhenlandwirtschaft, Donau-
eschingen, Direktor: Prof. Dr. Knoll)

Von K. Papendick

(Eingegangen am 25. §. 1854)

Eine wesentliche Karotinquelle ist das Heu,
das zu den wichtigsten wirtschaftseigenen Fut-
terstoffen gehért und die Grundlage einer
normalen Winterfiitterung im Viehstall bildet.
Uber den Karotingehalt von Wiesenheu liegen
bisher verhidltnismiBig wenige Ergebnisse vor,
so daBl es wiinschenswert erschien, den Karo-
tingehalt des Wiesenheues unter den ortlichen
Bedingungen des Ostschwarzwaldes zu prii-
fen. Da das Karotin ein sehr empfindlicher
Bestandteil der Nahrung ist, wurde auBerdem
die Frage untersucht, inwieweit Beziehungen
zwischen dem Karotingehalt des Heues und
seinem Gehall an verdaulichen Nihrstoffen
bestehen, d. h. was der Karotingehalt iiber die
Giite des Heues aussagen kann.

Unter Karotin versteht man heute die isolier-
baren Vitamin-A-wirksamen Karotinoide a-, fe
und y-Karotin und Kryptoxanthin, In den iibli-
chen Futterstoffen kommt hauptsichlich das
f-Karotin vor. Karotin wirkt nicht selbst als Vit-
amin, sondern stellt die Vorstufe des in der Er-
nihrung der Tiere so wichtigen Vitamins A dar.
Aus den genannten Karotinoiden wird im Tier-
korper, teils in der Leber, teils schon im Darm
das Vitamin A gebildet. Dabei kénnen aus a-Ka-
rotin, y-Karotin und Kryptoxanthin je ein Teil
Vitamin A und aus g-Karotin 2 Teile Vitamin A
entstehen. Bei der Umwandlung des Karotins
treten jedoch Verluste auf, weswegen die theo-
retisch mogliche Vitamin-A-Ausbeute praktisch
niemals erreicht wird. Uber die GréBe der Um-
wandlungsverluste lassen sich noch keine allge-
meinen quantitativen Aussagen machen., Deshalb
betragen die tir die Praxis angegebenen Be-
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darfsnormen im allgemel;:en ein Vielfaches des
physiologischen Mini und sch nicht
unerheblich,

Da alle griinen Pflanzen und die daraus ge-
wonnenen Futterstoffe, also Griinfutter, Gar-
tutter, Heu, Griinmehle usw., kein Vitamin A,

- sondern nur die Vorstufe Karotin enthalten,

ist das Karotin die einzige Vitamin-A-Quelle
bei den Pflanzenfressern. GroSe Bedeutung
kommt daher dem Karotingehalt des Futters
besonders in der Milchyvichfiitterung zu.

Das Karotin ist wenig  widerstandsfahig
gegen Huflere Einfliisse und erleidet mehr
oder weniger starke EinbuSen. Mit der Karo-
tinzersetzung gehen die Verluste an anderen
Bestandteilen des Futters einher. Da das Karo-
tin jedoch wescntlich empfindlicher ist als die
Ubrigen Néhrstoffe, war zu vermuten, daB
der Karotingehalt zur Beurteilung der Rauh-
futterqualitit, insbesondere auch des Heues,
herangezogen werden kann. Der absolute Ge-
halt an Karotin hingt natiirlich von ver-
schiedenen Faktoren wie der Pflanzenart, dem
Schnittzeitpunkt, der Konservierung, der La-
gerung usw. ab, Man muB grundsitzlich unter-
scheiden zwischen Griinfutter und dem dar-
aus gewonnenen natiirlichen Heu. Wiesengras
hat in 1 kg Trockensubstanz durchschnittlich
200 bis 300 mg Karotin, Wiesenheu nur noch
durchschnittlich 10 bis 20 mg, d. h. bei der
Heuwerbung gehen bis zu 80% und mehr des

i S

Karotins verloren. In gut geworbenem Gir-
futter und schonend getrocknetem Griinmehl
bleibt dagegen der grifite Teil des Karoting
(etwa 90%) erhalten,

Versuchsanordnung:

Da die groBten Karotinverluste bei der na-
tirlichen Heubereitung entstehen, sollte der
EinfluB verschiedener Heuwerbungsmethoden
auf den Karotingehalt untersucht und zugleich
festgestellt werden, in welcher Beziehung der
Karotingehalt zu den ibrigen Nihrstoffen
steht.

Die Heuproben entstammen einem im Do-
naueschioger Institut laufenden Heuwerbungs-
versuch. Mitgeteilt werden .dje Ergebaisse der
Jahre 1952 und 1953. Die Gegenibersteilung die-
ser beiden Jahre ist insofern recht aufschlul-
reich, als das Jahr 1952 ein ausgesprochen trok-
kenes, das Jahr 1953 ein ausgesprochen nasses
Jahr mit Bezug auf die Heuernte waren. Im
Jahre 1952 fielen wihrend der Heuernte 4 bis 8
mm Niederschlige, im Jahre 1953 dagegen iiber
200 mm, an einem Tag allein 88 mm! Das Aus-
gangsmaterial entstammte einem einheitlichen
Wiesenbestand (Hafer-Schwingel-Fuchssenwanz~
Knaulgrastyp nach Knoll [3}} in einer Hohen-
lage von 670 m NN, der bei normalem 1. Schnitt
elwa 150 mg Karotin in 1 kg Grastrockenmasse
eathalt. Dieses Wicsengras wurde sowohl am Bo-
den als auch auf Gerusten getrocknet und das
Heu auf Nahrstoffe und Karotingehalt unter-
sucht. Die Versuchsanordnung weist fur beide
Jahre 3 Parzeilen mit Bodentrocdknung, 2 Parzel-
len mit Heinzen und 1 Parzelle mit Schweden-
feutern auf. Jede Parzelle hatte 4 Wiederholun-
gen. Das Heu wurde in Parzclle 1 einmal, in Par-
zelle 2 zweimal, in Parzelle 3 dreimal gewendet,
in Parzelle 4 sofort, in Parzelle 5 nach eintigi-
ger Vortrocknung am Boden auf Heinzen gehdngt
und in Parzelle 6 sofort aut Schwedenreuter ge-
bracht.

Analysen-Methodik:

Die Néhrstoffuntersudlungen erfolgten nach
dem Weender Verfahren auf RoheiweiB, Roh-
fett, Rohfaser, N-freie Extraktstoffe und Roh-
asche (4), wobei die Rohfaser nach dem abge-
kiirzten Verfahren von Le pper bestimmt
wurde,

Verdauliches RoheiweiB und Stirkeeinhei-
ten wurden nach den Futterwerttabellen der
DLG (1) berechnet. Die Verdaulichkeitswerte
tir verschiedene Heuqualititsstufen wurden
auf der Basis des Rohfasergehaltes in der
Trockensubstanz ausgewihlt.
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Dic Karotinhestimmung im Hey wurde in fol-
8ender Mndilikation vorgenommen; § g feinge-
hickselte ursprungliche Heusubstanz wurden in
eincm BO-ml-chldahlkolbcn mit 3 ml! Petro-
leumbenzin {Merck) versetzt und 4 Stunden auf
demn elektrischen Wasserbad bei 80° C am Rijcke
fluskibler gekocht, Alg RicklluBkithier dicaten
ca. 1 m lange mit Gumnmistopten aulgesetzte Glas-
rohre. Nach der Extraktion wurde auf einer Glas-
filternutsche 17 G 3 abgesaugt und dle Substanz
noch zwei- bis dreimal st kleinen Mengen Pe-
troleumbenzin bis zur Farblosigkeit des Filtrats
nachgewaschen. Das Filtrat wurde tber Kalzium-
chlorid getrocknet, an Aluminlumoxyd (Merck,
standard. p, Brockmann) adsorbiert und mit Ben-
zin : Benzol (4:1) eluiert. Dic erhaltenen Karo-
tinlosungen wurden im Lange-Kolorimeter ge-
messen und mit einer Eichkurve verglichen, die
mit reinem g-Karotin (Merdk) aufgestellt wurde.

Die warme Extraktion nur mit Petroleum-
benzin ergab in Vorversuchen gute Uberein-
stimmung mit der ublichen Alkohol-Benzin-
Extraktion (vgl. 2).

Versuchsergebnisse:

Die Ergebnisse der Untersuchungen sind im
einzelnen in Tabelle 1 wiedergegeben. Ange-
tiithrt wurden neben dem Karotin nur das ver-
dauliche EiweiB und die Stirkeeinheiten.

Im Trockenjahr 1952 weist das Bodenheu
relativ gute Karotingehalte von 8, 9 und 11
mg/kg in der Trockensubstanz aul; das Reu-
terheu liegt aber mit 13, 14 und 17 mg/kg noch
erheblich dartiber. Im EiweiBgchalt zeigen alle
Parzellen-Mittelwerte mit  Ausnahme von
Parzelle 3 nur geringe Unterschiede, Die
Stirkeeinheiten weisen deutlichere Abstufun-
gen auf und stehen in enger Beziehung zu den
Karotinwerten. Sprunghafte Unterschiede im
Gehalt an Stirkeeinheiten innerhalb der Wie-
derholungen einer Parzelle sind darauf
zurtickzufithren, dag entsprechend dem gefun-
denen Rohfasergehalt verschiedene Verdauy-
lichkeitswerte bei der Berechnung anzuwen-
den waren. Trotzdem sind die Unterschiede
zwischen Boden- und Gen‘isttrocknung sehr
deutlich, wenn man von Parzelle 3 absieht,
die in allen 3 Qualititsmerkmalen sehr glin~
stig abschneidet und die Qualitit des Reuter-
heues erreicht. Eine einfache Erklirung fiir
diese Ausnahme konnte nicht gefunden wer-
den. Es ist daraus jedoch ersichtlich, daf bei
glnstigem Erntewetter auch am Boden gute
Heuqualititen gewonnen werden kénnen, die
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UDK (universal Decimal Classification)s; 616,413-002-002; 615,
739,126
Effect of Calcium Hydroxide on the Microflora of Carious Cavities
I. Ya. Azrilyant and S. A. Kurina
The 6th Stomatologic Polyclinic (Chief Physician (Surgeon) M. Z.
Gadasin) and Department of Microbiology (Director -- Prof. M. N
Lebedeva) of the I. M. Sechenov Ist Moscow Medical Institute.

In the Soviet and foreign literature there a number of papers devoted to
the treatment of inflamed pulp with calcium hydroxide. The majority of the
authors (and this coincides with our observations) point out the positive
results of such treatment.

In connection with the high pH (8.0 - 10.0) of calcium hydroxide, which
creates unfavorable conditions for the vital activity of bacteria, many spec=-
ialists (Nyborg; Marmasse, and others/ assume that the action of calcium
'hydroxide is based on its antiseptic effect. Some of them cited data accord-
ing to which, under the influence of calcium hydroxide, ttere are destroyed
escherichia, typhus salmonella, cholera vibrio, bacillus anthracis, and other
bacteria. Others (King and coauthors) have noted that calciuﬁ hydroxide acts
bactericidally on the microbic flora in the oral cavity. They obtained ster-
ilization of carious dentine, in 61,4% of the cases, while treating with cal-
cium hydroxide. S. V. Makarov carried out a comparative study of the action
of a number of therapeutic pastes on the inoculability of microorganisms from
a carious cavity and, by investigating the bactericidal activity of pates in
vitro, came to the conclusion that a paste with calcium hydroxide retards the
growth of microbic flora in carious teeth in 75% of the cases. We found no
other-papers, with reference to this problem, in the literature that was access-
ible to us.

We made a study of the microbic flora of carious cavities in the case of

60 patients with an inflamed pulp prior to and subsequent to treatment with

calcium hydroxide. For a microbiological study, the material was taken up
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from the bottom of the carious cavity by means of a ste:ile excavator and
inoculated in a sugar and liver broth with subsequent seeding in dishes with
blood, sugar and tomato agar and in a column with a liquefied semifluid liver
agar. Following the deposition, at the bottom of the carious cavity, of cal-
cium hydroxide, it was covered with aqueous dentine. The temporary filling
was eliminated after 7 days, and once again, material was taken from the bot~
tom of the carious cavity for microbiological study.r The latter was carried
out in accordance with the procedure described above.
((Table on pg. 76 of text))

Inoculability of Various Representatives of Microbic Flora from carious

Cavities Prior to and Subsequent to Treatment with Calcium Hydroxide

Bacteria Isolated Prior to Treatment Subsequent to Treatment
Amount of Strains % of Iso- Amount of Strains % of
lation . Iso-
la_
tion
: .eptococci alpha 8 alpha 2
beta 9 beta 3
gamma 27 gamma 19
Total. .44 73 Total. 24 40
Golden wWhite vYellow Golden white Yellow
Staphylococci  alpha 1 - - alpha - - -
beta 5 1 1 beta 2 2 1l
gamma - 14 10 gamma - 8 4
Total... 32 53.3 Total ... 17 25
Lactobacteria alpha 1 beta 4
) beta 7 gamma 17
gamma 21
Total ... 29 48.3 Total .. 21 35
Bacteroids 18 30 13 21.6
Candida 10 16.6 23 38.3
Pneumococci 2 3.3 3 5

((text continued)): Prior to treatment, ftere were seeded, primarily, step-
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tococci, staphylococci, or their associations with lactobacteria and bacter-
oids.

The table shows that out of 44 strains of streptococci, 9 ylelded beta-hemo-
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lysis on a blood agar, 8 -- alpha-hemolysis, and 27 strains grew according to
the gamma-hemolysis type. oOut of 32 strains of straphylococci, beta-hemolysis
on a blood agar was induced by 7; according to the alpha-hemolysis type, there
grew 1 strain; and according to the gamma-hemolysis type -- 24, Staphylococci
with beta-hemolysis were coagulase-positive and had a vitelline factor (lecith-
inase). Of them, 5 were golden, 1 -~ with a yellow, and 1 -~ with a white,
pigment. Out of 29 strains of lactobacteria, on a blood agar, 7 yielded beta-
hemolysis, 1 -~ alpha-hemolysis, and the remainder -- gamma-hemolysis, There
were also isolated 10 strains of yeast-type fungi and 2 strains of Pneumococci,
Following treatment, in the majority of cases, there were isolatedqd yeast-type
fungi in association with representatives of coccal flora and with various
rod-shaped (staff-form) bacteria. R complete sterilizing effect was observed
only in the case of 11 patients (18.3% of the cases),

As may be seen from the table, calcium hydroxide appreciably inhibits the
growth, for the main part, of gram-positive cocci and lactobacteria,and also,
brings about a reduction in the hemolytic properties of the strains isolated.
In particular, there is a reduction in the frequency of disclosure of strains
yielding beta-hemolysis on a blood agar. As a result of the growth inhibition
of gram-positive flora, which represents'an antagonist of yeast-type fungi, the
inoculability of the latter increases,

. Received 10/vII 1967 (July 10, 1967).

Translated by Carl Demrick Associates, Inc./LB/db
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:,3{: :g:;l;léno, He ot™euancs. Y ann, norpeGassmx STY BOLY € IETCKOro BO3PACTa, KOTAA Nocy,
‘Nl HaXOAHJNHCH €llle B CTaauH
e AHH  HOPMHPOBAHHA, ¢urtoopos 3aHKCHPOBAH BO negy
ﬁHauu y%TaHOBJJEHO, 4T0 43aCTOTa nopaxenus 3y6os y Kutenel ¢ioopostioro ouara Kaphe.
CoM Gbina Ha 20—30% MeHbuwe, 9eM y Hacesenns COCENHHX Cen, NOTPeGASABIIErO BOAY H3 waxy.
HEIX KoJoAues (B 3Toi Bofie KOHIOeHTpanus ¢ropa coctasanaa ot 0,5 o 0,7 m2/a).
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VAK 818.314-002-022:615.739,1%
BIIHAHUE FHAPOOKHCH KAJIbLIHS HA MHKPO®JIOPY KAPHO3HONA MOJIOCTH

H. d. Aspussum, C. A. Kypuna

6-1 cToMatonoruveckas nosmkaummka {(rnasnpdl Bpay M. 3. Fanacun) u xagenpa

MHKDOGHOJIOTHH (3a8. — npod. M. H JleGenesa) I Mo
. M. H. CKOBCKOrO M
HHCTHTYTZ HM. H. M. Ceuenopa eanmcoro

z;ﬂgzgﬂaﬁfgrxnsnenenwﬂbHocm 6akTepuil, MHOrHe criewHantcTh (Nyborg; Marmasse, u gp.)
M1araior, Ha aH
Hekoropuie #3 mux mpusoast nanuue, COTNIaCHO KOTOPHIM f10a maﬂc:f::;fggxus: ﬁfﬁm
NOTHGAIOT JILUEPHXHH, CALMOHENI M T, XOsepHBIN BHODHOH, CHOHDER3BeHHAN NaNOYKa npy-
rie Gakrepud. [Ipyrue (King c COaBTOPAMH) OTMEYAIOT, 4TO THAPOOKHCH Kabums Aeﬂcmgér
GaKTepHUNINO HA MHKPOGHYIO dropy nonoctw pra. Onu nmoavunau CTEPHAHAAUHIO KADHO3HO
ZENTHHA NPY NevYeHHH THADOOKMCHIO Ka/lbLUHA 8 61.4% cayvaes. C. B. Makapaos n oBen cpas-
HHIALHOE W3yueHHe RefiCTBHA PAda NeueGHLIX nacT Ha BLICEBAEMOCTD MHKpOOpl‘gHHEIMOBp 3

XERHHH H NeveHOMHHI GlebOH C nocaenyioumy BLICEBAMH HA 4alliKH ¢ KPOBSAHBIM, caxapHhy

Buicesaemoctn ParHYHKIX npeAcTaBuTesel] MUKDOGHOR dopm w3 KApHO3HLIX NoaocTeit
A0 M nocae seveHHS rHIPOGKUCHIO KanbUMA

Ho newerus MNocae meuenus
Buaencunrie
Gaxtepuu % Dbi-
KoauuecTso wrammon aene- Konuwecrso wrammon ,;e;:l:
HHA HHU9
Crpenrokokkn a 8 o 2
B 9 B 3
Y 27 Y 19
Brero . 4 73 Beero . 24 40
. 3osotac- |Bease | Aea- a 3oaoruc- | Beaue )Kea-
Crapmiokokku B Thlll* Tbie ﬁ 1ble Thie
Y| o5 1| L I 1
- 14 10 — 4
Bcero 32 53,3 Beero 17 25
JlaxtoGakvepin o I
i) 7 4
Y 21 g 17
Becero. . . 29 48,3 Becero 2] 35
B;unepbunu 18 30
o N 3 : )
Candida 10 16,6 5 383
HYBMOKOKKI 2 3,3 3 5'
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# TOMATHHM &rapoM H B CTOJIGHK pa
HANOMEHHST HA AHO Kaplo3Hoil mosoct
BpeMEHHYIO NIoMOV yiaas1 uepes 7
[0CTH INS MHKPOGHOMOTHUECKOTO HCC
veroIHKe.

Ho nevenist BLICEBATHCL MpeHar
WAl € JaKTOGAKTepuaMu o GakTe

Tabnuua noxaswisaer, uto 13 44
arape, 8 — at-remMosu3 1 27 WTaMMOR |
f-resonia Ha KpoBstHOM arape BHI3LIHE
wonnsza — 24. Cradunokoxkkn ¢ f-rew
roublit paktop (TeunTnnasy). M3 un
mirventoM. H3 29 wramvos JaktoGak
MOTH3, OCTAJbHbLIE —— Y-[CMOAH3. Dbl
# 2 wramva nuesmokokka. [locae et
nolo6ubie rpHGH B accolauHy c npe,
KOBHAHBIMH GakTepHAMH. [lonuunlit cre
utx (18,3% cayuaes).

Kak Bumxo u3 ta6anun, ruapoot
pa3OM FPAMNOJIOKHTENBILIX KOKKOB H
TIMECKKX CBOHCTB BLIIENEHHBIX LUTAMMC
MoB, Aaomux B-remMonu3 Ha KpoBsiHOM .
Hoit ¢IopBl, KOTOpAst ARIALTCH AHTaro
HUX BO3pacTtaer.

ONbIT KOHCEPBATHBHO-XH
BEPXHMX MOJAPOB

M. H. Kpynuux

l-a Jlyrauckas roposckam crom
A. H. KamuHckas)

' 3
JleunTh NEPHOJOHTHUT BEPXHHX MO.
J0BOJIBHO TPYRANO K COXPaHHTH TaKie 3
B aureparype cooGuiaercs o seuc
CTaJIbHOrO H yNaJeHHEM MeAHaNbHOIC
Kananos (H. M. Aspamenko!; . I |
Mut npHMeHHIH KOHCepBaTUBHO-X
LOHTHTA BEPXHHX MOJAPOB C HENPOXO:l
(9 keuuyrs 1 3 MyKuun) B BospacTe OT
IMoka3zanuem aan coxpanenns 3y¢
PYHKUHOHAMBHYIO UEHHOCTS, 3y0Lt Omi;
I oMY U3 HIEWHLIX KODHEBLIX KaHaJo3
MeroHKa feyeniia COCTOUT B ce
pabathIBAH MPOXOAHMLIE KOPHEBbIE ki
HbIX) HJH pe3opuHH-BOPMATIIHOM € 10|
UYepes 2—4 nua npu orcyTcTsitn
NPHCTYNANAH K YA2JEHHIO WEeYHOro Kop
7IEHHSA 3aBHCHT OT PACHOAOKEHHS Kapil
TalOTCA D OAHOIT YacTil 3y6a, aaMaszHbiy
Y10 CTeHKY KOPOHKH 3y6a BmecTe ¢ I
BAIOT 3/1EBATOPOM WJH HpHGErawT K a
B cnyvasx, korna weunstit xoper
WCHHON YacTbio KOPOHKH, YAaJCHHE ero
He YCTbst KOPHEBOro Katlala Kopelb o
YA4CHHLIM KOPHEM JION&EH OhiTh €161
MEXAY KOPOHKOIl # nylIKoi nue 3aicpa
XBaTeiBasia 0o0a IeYHHNX KopHA. Meas
/s anuun. Mennansuwiii Kopenb yasi
Yepes 2—5 ameit nocne yaaner
NOCTONHRYIO NAOMOY. ¥ 7 GoabHuX T

1936, Ne 2, «
1966, Ne 1, ¢

' Cromatoavrus,
Tam xe,



XQro BO3PAaCTa, KOraa nocro.
'3 SHQ)EH\'CHPOBBH BO BCex

. WWOFO30I0 O4ara KapHe.
©ATGBNICTD BOY M3 WaAXT
PEUVEREN

Dostyn se o 11T 1967 .
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i TOMaTHBIM arapoM H B CTONGHK PAacn/aBAEHHOrO NONYXHAKOIO MEYEeHOYHOTO arapa. [Mocae
HLTOKENHA HE A0 KAPHO3HOH MONOCTH FHAPOOKHCH KAaNbUHA ee 3aKPBIBAJH BOLHBIM ACHTHHOM.
Bpemennylo muiomGy yaaassu yepes 7 AHeli # MOBTOPHO Gpanu MaTepHaa co JHa KapHo3uoii no-
JOCTH IS MHKPOGHOJIOrHYeCkoro Hccnenopannd. [locnefnee npoBoAMAN No ouMcaniiol BLiwe
¥ ueroauxke.

Ho nevenns BhiceBaNHCh MPEHMYIECTBEHHO CTPENTOKOKKH, CTAPHIOKOKKH HJIH HX acco-
HUHE € JaKTOGAKTEPHAMH B GAKTePOHAAMH.

Ta6auua nokaspiBaer, 4To #3 44 WTAMMOB CTPENTOKOKKE 9 JaBaay f-resionnz 1a xpomsinom
irape, 8 — a-reMostn3 H 27 WTaMMOB POCAH 1O THIY y-reMonnsa. Hs 32 murammos cradu.1okokka
§-1eMo 113 Ha KPOBAHOM arape BbI3nIBAAH 7, 110 THIlY G-renoJaH3a poc | wranw, a no THny y-re-

- domu3a — 24. Crapunokokkn ¢ B-remonnsom Geutu KOaryna3onoNoKUTeABHBIMH H HMEAH XKeJ-
“04lbift PaKTOp (MemnTHHA3Y). M3 uHX 5 GblAH 30A0THCTHIMH, | — C WEATWM H | — ¢ GesnbiM
1 mryenros. M3 29 wrammos NakToGaktephii Ha KpoBsiHOM arape 7 aasaau p-remoans, ! — a-re-
‘013, OCTA/IbHbIE — Y-remoau3. Buulo Bhgeseno takike 10 WTaMMOB TPpoKKENOAOGILIX rpiGos
+ 2 wramMma nuresMokokKa. [locsie jeverus B GosbLuMHCTBE cayuaeB ObWIH BHIACJICHBI APOHOKE-
"0106HHe rPHGLl B aCCOUHAUMN C MPENCTABUTENAMH KOKKOBOI $nopel H ¢ pasAMUHKMH MaT0Y-
SOBHAHLIMH Gakrepuavu. [lomuuil cTepuansyownit shdekt Mol HaGMONAMH TOALKO y 11 Goanb-

; bx (18,3% cayuaes).

i Kak BHAHO U3 TaGAHUB, TMAPOOKHCH KA/IbUHA 3HAYMTENLHO NONABAHET POCT rJ1aBHbIM 06-
“230M FPaMNOJIOKHTETLHLIX KOKKOB H J1AKTOOAKTEPHIt, a TAKIKe BbI3bIBAET NOHHIKEHHE CeMOJH-
THYECKHX CBOICTB BHUICMEHHBIX WUTAMMOB. B YaCTHOCTH, CHHKAETCH YacToTa OGHADYKCHHA 1ITaM-
{ o8, galounx B-reMonus ua kpossiwom arape. B pesyabtate noxasnenns POCTa rpaMnoIoKHTe b
. 0 (.10Pbl, KOTOPAs AB/ACTCA AHTArOHKCTOM JAPOKIKENOA0GHEIX FDHGOB, BHICEBAEMOCTD nocnen-

j HHX BO3pacTaer.
' Tloctynuaa 10/V11 1967 r.

, YAK 618.314.7- 031. 21- 031.63- 002- 08

OnbIT KOHCEPBATHBHO-XHPVPI‘H‘IECKOI"O JIEYEHHA MNMEPHOAOHTUTA
BEPXHHX MOJIIPOB

i M. H. Kpynnux

l-n Jlyrauckas roposckast CTOMATO/OrHuecKas MOMHKJAHHHKA (raBHbii Bpau
. A. K. Kamuuckasn)

JleudTb NePHOIOHTHT BEPXHHX MONAPOB C HENPOXOAHMBIMK LY HLIMH KOPHEBLIMH KanaJaamu
BOTBLHO TPYRHO H COXPAHHTR TakHe 3YOhl HePellKOo He NPeACTABANCTCH BOIMOMKHLIM.

B nnTeparype cooSiaercs o neueHHH NEPHONOHTHTE HHIKHHX MOJISIPOB C COXpaHeHHeM fd-

A1BHOMO H YAa/leHHEM MeHA/MLHOTO KODHS NMpH HEMPOXOJMMOCTH €10 MeHANBHHIX KOpPHEBRIX
“wuanos (H. M. Aspamenxo’; H. H. Kywsup 2, u ap.).

Mbt HpHMENHH KORCEPBATHBHO-XHPYPIHYecKHil MeToR TIPH JIeYeHHH XPOHHYECKOro NepHo-
-JUTITA BEPXHHX MO.IAPOB C HEMPOXOAMMBLIM KAHANOM OHOTO H3 MIUHKIX KopHeH y 12 Go.1bHEX
3 keuuutn w3 syxunn) B sospacre ot 16 ;10 57 aer.

Tlokaszannem st coxpanenus 3y6a ABAAINCH CAYYAH, KOTAA KOPOHKa 3y6a npeacrannsna
YUKUHOHANBHYIO UEHUOCTh, 3YGul GbUIH YCTONYI BLIMA, KOPHH HX — HE CPOCLUIMHCSH, HeGHbIil

ORHIL M3 MMEYHHX KOPHEBLIX KaNajloB —- TPOXORHMBIMH.

Metopitka neucHus cocTonT B creaviomen. [locie pelTretoNOrHMECKOro obcnenonanns o6-
A0ATLIBATH JIPOXOIHMLIE KOPHEBLIC KAHA/B H MAOMOMPOBAMN HX (PoCATHCMEHTOM {y 7 6oan-
“4X} ITH Pe3opUnt-GOPMATIHOM ¢ NIOPOLWKOM docdaT-uemenTa (y 5 GonbiiblX).

Hepes 2—4 juf npu oTcyTcTHM ocMOKMenHil nocne MJIOMGHPOBAHHH KOPHERLIX KAHAJO0B
HICTYNAMH K YAANCHIIO WEUHOrO KOPHA € HENMPOXOAMMBIN KOPHERLIM KallasoM. Meroauka yaa-

4 U 3ABHCHT OT PACNONOKEIHSA KAPHOINOI I0M0CTH U YAa/lseMoro xopHa. Ecan ouil pacnoaa-
IOTCA B ONHOI HACTH 3yG6a, anMAINBIM AHCKOM it TONKHM (HCCYPHHIM GOPOM OTIHANBAIOT Wed-
710 CTEHKY KOPOHKH 3YGa BMECTC € HOAMEKAUMM YAMIEHUIO KODHEM, KOTOPHIil 3aTeM BBIBHXH-
“10T 3/MCBATOPOM HAH NPHOETAOT K ANbBEOJIKTOMHH.

B cryvasx, Koraa 1edHblil KOPeHs C HEenpOXOAHMBIM KaHaAoM pacnoJioken Haj sepaspy-
110 YACTBIO KOPOIKH, YARIEHHE €T0 HAYHHAIOT C A/IbBEOIIKTOMHH (ICTY PHBIM GopoM Ha ypos-
" YCTbA KOPHCBOTO Kald.1a KOPeHb OTMHAHBAIOT OT KOPOHKH H yAaasoT. CKOC B KOPOHKE Haj
IAICITHBIM KOpHEeM lonuked GRTe caeaan noa yraom 45—60°, uToOsl nocae 3aXHBJEHHA NYHKH

‘K1Y KOPOHKOIT i1 AYHKOIl He 3asepHBaiace nHma. Y oxuoro 6016HOrO KHCTOrpaHysema 3a-

’ h
. THINAIA 064 UEYHBIX KOPHA. MeAHanbHuit GuIn HENpPOXOZMM, 3 AMCTANBHMI HPOXOHM HA

¢ AmHs. MeanatbHeE Kopens yAaaIH, a b HCTAABIIOM pesei poraas BEPXVINEUIIYIO 1aCTh.
' Heper 2--H nueit nocie yaatenus KOpus HA OCTABINYKOCS 'UACTh KOPOHKH HAKNA,1:4BAIH

SOOI 10Oy, Y 7 GodblbiX NOAOCTH NAOMGHPOBARH NACTMACCONM HOPAKpHA, 2 y O —

b Crosaroaornn,
FTam ke,

1956, N 2, ¢. 59,
1966, No L. e 97,
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EPITHELIAL ATYPIA IN HAMSTER CHEEK POUCHES TREATED
REPEATEDLY WITH CALCIUM HYDROXIDE

LUCIA J. DUNHAM, C. S. MUIR Axp J. E. HAMNER, III

From the Laboratory of Pathology, National Cancer I nstitute, Bethesda, Maryland 20014,
The Dcp.artment of Pathology, University of Singapore, Singapore 3, and the
National Institute of Dental Research, Bethesda, Maryland 20014

Received for publication May 9, 1966

INVESTIGATORS have been interested for many years in the Ppossibility that
some oral cancers develop because of exposures to tobacco and betel quid chews
(Friedell and Rosenthal, 1941 : Orr, 1933). There is sound clinical and epidemio-
logic evidence that oral cancers are unusually frequent in persons who chew
tobacco and * dip ” snuff (Moertel and Foss, 1958 ; Sorger and Myrden, 1960 :
Landy and White, 1961 ; Dunn and Farrior, 1962; Rosenfeld and Ca-llawa,y:
1963 ; Brown ef al., 1965). These cancers often develop at multiple sites in the
mouth. Tobacco has been considered the ingredient of the betel quid most likely
to cause changes in the oral mucosa that eventuate in the development of oral
cancer (Khanolkar, 1951 ; Sanghvi, Rao and Khanolkar, 1955; Shanta and
Krishnamurthi, 1963). :

It has also been suggested that lime, a weak alkali which is almost always an
ingredient of the betel quid, may act as a carcinogen or co-carcinogen (Davis,
1915; Orr, 1933 ; Atkinson ef al., 1964). Oral cancers are unusually frequent
in New Guinea, and though lime is a component of the quid used there, tobacco is
never added (Atkinson ef «l., 1964). Conklin ( 1958) describes the Hanunéo

_ Filipino native habit of betel chewing and comments in connection with undesir-

able effects of the chew : Burning of the inner walls of the mouth and tongue
because of an overdosage of lime, makes the mastication of salty foods and certain
vegetables very painful.” Another ingredient of the betel quid, gambier, which is
an extract from the vine Uncaria gambir. is a suspected carcinogen by virtue of its
tannin content (Korpdssy and Mosonyi, 1950 ; Kirby, 1960). In ~e)q)erimental
studies Muir and Kirk (1960) have mduced cancers in the skin of two of twelve
mice at the site of daily painting with an aqueons extract of a typical whole
Singapore betel quid. However Dunham and Herrold (1962) could not induce
tumors in the hamster check pouch treated by beeswax pellets that contained
betel quid ingredients from several Asian countries. ‘ :

In the present report the results are given of long-term exposure of the hamster
cheek pouch to three ingredients of the betel quid administered in powdered form
namely, caleium hydroxide, a proprietary brand of snuff, and gambier. (orn-
starch dusting powder was used as g control, .

MATERIALS AND METHODS

Syrian hamsters (Mesocricetus auratus) were obtained at weaning from the
Animal Production Center of the National Institutes of Health. The hamsters
were fed Purina laboratory chow daily and small pertions of carrot, apple, and
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kale three times a week. Drinking water was always available. Initially four to
six animals were housed in wire cages but as they grew older they were housed
alone to prevent cannibalism of cage-mates that died. There were both males
and females in each experimental group,

The calcium hydroxide used was USP Ca(OH), powder, Mallinckrodt, St. Louis,
US.A. The brand “X ” snuff was a * Scotch ” or dry type prepared in the
United States, and was one of two brands habitually used by a woman “ snuff-
dipper ” who died as a result of multicentric oral cancer. The snuff was aromatic,
but it is not known what the additives were, since snuffs are prepared by secret

- formulas. Cake gambier, obtained in Singapore, was ground to powder in a

Waring Blendor. We used a cornstarch derivative dusting powder as a control
material. This was a Non-peptizable homogeneous mixture of amylose and
amylopectin derived from cornstarch, together with 2 per cent magnesium oxide.”

TaBLE L.—Survey of Experimental Groups of Hamsters, their Average Age, the
Percentage Frequency of Cheek: Pouch Lesions and the Incidental Tumours

Group* Number  Average age  Percent with Incidental
in group in weeks pouch lesions tumours
I. Gambier alone T & T £ . 14 - Lymphoma, bowel
LA cancer, melanoma
II. Snuff alone . 7 99 . — - 2 with bowel cancer
III. Starch powder alone 4 78 . —
IV. Ca(OH), alonet 6 81 . 100 - 2with bowel cancer
V. Equal parts Ca(OH), 3 98 . 40 - 2 with lymphoma
and gambiert : .
VI. Equal parts Ca(OH), 6 7 . 100 . —
and snuff
VII. Ca(OH), in a.m., . . 6 . 67 . 100 . _
snuff in p.m. =
VIII. Ca(OH), in a.m., . . L . 88 . 100 . Granulosa cell tiimour
cornstarch in p.m. of ovary

* Animals in the first five groups received 250 mg. at each application for the first two weeks of
the experiment.
1 Treatments were reduced to 3 times each week hetween the second and 40th weeks of treatment,

There were eight groups of hamsters (Table I). Each of the four powdered
substances (groups I to IV) and mixtures of equal parts of calcium hydroxide and
gambier or snuff (groups V and VI) was administered for five consecutive days
each week. Hamsters in groups VII and VIII were treated twice daily for five
days each week. Hamsters in both these groups received calcium hydroxide in
the morning. and three to five hours later in the afternoon, animals in group VII
received snuff and animals in group VIII received cornstarch powder. A Vienna
nasal speculum, child’s size, was used to apply about 50 mg. of the test material
at each treatment. The half-filled instrument was inserted deep in the right
cheek pouch, the blades were opened, and the powder was distributed to the fundus
and walls of the pouch and the inner surface of the lip. Thus both the pouch
epithelium, which is similar to that lining the oral cavity but without accessory
structures, and a part of the oral cavity were exposed to the powdered matcrials,
A relatively prolonged contact is maintained in the check pouch. The powders
were found plastered against its walls as long as six hours after application,
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590 LUCIA J. DUNHAM, €. 8. MUIR AND J. E. HAMNER,

Treatment was started when the hamsters were three and a half to four and a
half weeks old. They lived out their life spans and were either killed when
moribund, or were found dead. Complete Post mortem examinations were per-
formed, tissues were fixed in buffered 10 per cent formalin, embedded in paraffin
and cut at 6 x. Sections were stained routinely with haematoxylin and eosin
treated by the von Kossa method to demonstrate calcium.

_ RESULTS i
The pouches of 26 of the 29 hamsters treated with calcium hydroxide, either

alone or in combination, showed gross changes (groups IV to VIII). The initia]
alkaline burn sometimes healed partially or completely between treatments,
especially during the weekends when treatment was stopped, and in the early
weeks of the experiment. Lesions were often multifocal and developed most
often in the proximal third of the pouch i )
Chronically damaged pouches were inflamed and thickened and exhibited bleeding
points, shallow ulcers, abscesses, or scars that resulted in Puckering of the pouch
wall and sometimes led to sloughing of tissues and 2 shortened pouch. In some
instances portions of the pouch wall appeared to be nodular, and in others thin
crusts covered some of the lesions, Occasionally the mucosal surface of the lip
was grogsly inflamed. A fundal scar was noted in the pouch of one hamster
treated with gambier. There were no changes in the pouches of hamsters treated
with snuff alone or with starch powder alone (Table I).

Microscopic examination of tissue from pouches of the 26 affected hamsters
treated with calcium hydroxide revealed one or more of the following lesions in
the lamina propria : deposits of calcium, infiltration of inflammatory cells, giant
cells, and fibroblastic proliferation (Fig. 1 to 4). The various lesions noted in the

T —— e

o ]

——

EXPLANATION OF PLATES

Fi1a. 1.—Cheek pouch of hamster treated with calcium hydroxide for 8] weeks. Lesions were ’
multifocal. The epithelium at the edge of a small ulcer is atrophic. Chronie inflammato
cells are scattered throughout the lamina propria, where a single darkstaining deposit of
calcium is seen. H. and E. X 205. )

Fr16. 2.—Cheek pouch of hamster treated with equal parts of calcium hydroxide and brand g
* X * snuff for 74 weeks. The epithelium is atrophic. Thore is no cellular reaction about
the clumped deposits of calcium situated deep in the laming, propria. H.andE. x 8o,

F16. 3.—Biopsy of a multifocal inflamed nodular lesion that developed in the cheek pouch of a
hamster treated with caleium hydroxide for 42 weeks (life, 61 weeks). The epithelium shows
hyperplasis, hyperkeratosis and acanthosis. The underlying connective tissue exhibits
fibrosis, a deposit of caleium and giant cells. H. and E. x 170,

F1e. 4.—Cheek pouch of hamster treated with calcium hydroxide in the morning and brand
“X” snuff in the afternoon for 81 weeks. Lesions were multifocal. Hyperkeratosis, J y
acanthosis, rete peg formation and basal cel] hyperplasia aro seen in the epithelium, and~
there is a multinucleated giant coll in the lamina propria (arrow). H. and E. x200.

F16. 5.—Cheek Pouch of hamster treated with caleium hydroxide in the morning and corn.
starch powder in the afternoon, for 102 weeks., The thickened pouch wall shows epithelial
hyperplasia, hyperkeratosis, acanthosis and rete peg formation, H, and E. x135.

F16. 6.—Another ares of the cheek pouch shown in Fig. 1, treated with calcium hydroxide.
This is a focus of epithelial hyperplasia, Parakeratosis and cellular atypia. Note the loss of
polarity, hyperchromatism and disturbed basal eell layer. H. and E. X 205,

F10. 7.—Cheek pouch of hamster treated with equal parts of calcium hydroxide and gambier 1
for 121 weeks. Lesions were multifoeal.  Atypical cells show loss of polarity, and some g
basal cells are fusiform. H. and E. x 205,
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epithelium were ulceration, foci of inflammatory cells, atrophy or hyperplasia,
hyperkeratosis, parakeratosis, acanthosis, and cellular atypia (Fig. 1 to 7). The
lesion illustrated in Fig. 2 probably followed a small uleer that permitted the

- entry of calcium to the lamina propria ; after healing the calcific deposit was

covered by atrophic epithelium. Hyperplasia, shown by increased thickness of
the epithelium, and rete pegs (Fig. 4 and 5) are not normally seen in the hamster
pouch. The lesions most suggestive of a pre-neoplastic condition were small foci
of atypical cells (Fig. 6 and 7) which showed loss of cellular polarity, and cells in
the basal layer that were hyperchromatic and fusiform.

The tongue of a hamster that received calcium hydroxide in the morning and
snuff in the afternoon showed the usual features of a chemical burn, i.e. a large
ulcer, epithelial atrophy, homogenized collagen in the lamina propria, chronic
inflammatory infiltrate, and necrosis of some of the muscle bundles, Enlarged
submaxillary lymph nodes in four hamsters were hyperplastic on microscopic
examination. Three of the hamsters had been treated with lime, and one with
cornstarch powder. The forestomachs of the animals that had received calcium
hydroxide alone or in combination were usually normal, though two showed slight
hyperkeratosis and epithelial hyperplasia. In comparison with the calcium
hydroxide, the other substances caused little damage. Microscopic lesions at
single foci in the pouches of 2 of the 14 hamsters treated with gambier were focal
infiltration of inflammatory cells in one instance and a minute ulcer in the other.
Focal inflammation was seen also in the outer lips of two hamsters treated with
gambier. A polyp of the forestomach that developed in a hamster treated with
gambier alone was probably spontaneous, and the glandular stomachs and other
organs of the hamsters in the experiment were within normal limits. The types
and distribution of the incidental tumours that developed in hamsters in five of
the experimental groups (Table I) resemble the spontaneous tumors of hamsters
described by Dunham and Herrold (1962),

DISCUSSION

In the present study calcium hydroxide apparently entered the cheek pouch
wall through a break in its surface and calcium accumulated deep in the connective
tissue. There was little cellular reaction to the clumped deposits of calcium.
Oppenheim (1935) treated the skin of a rabbit with calcium chloride and has pub-
lished a microphotograph showing masses of calcium in the lamina propria and
epithelial acanthosis. Tt is of interest that one of the authors (J.E.H.) observed
calcium deposits in the connective tissue beneath a squamous cell carcinoma of the
buccal mucosa in a Vietnamese female betel quid chewer (Armed Forces Institute
of Pathology, accession No. 1181731). Betel quids usually contain calcium
hydroxide. The deposits below the cancerous epithelium resembled those seen in
hamster pouches treated with lime, though they were comparatively small and
scattered.

At least three of the lesions in the pouch epithelium produced by repeated
applications of calcium hydroxide progressed to distinet cellular atypia. The
lesions resembled oral dyskcratosis (leukoplakia) in man (Waldron and Shafer,
1960 ; Shafer and Waldron, 1961 ; Shklar, 1965), except that they were focal,
and did not widely involve the check pouch in any instance. We did not consider
that these lesions were pre-invasive cancer.
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Carcinogenesis in the cheek pouch of hamsters by painting with 7,12-dimethy]-
benz(a)anthracene (DMBA)  proceeds through inflammatory, degenerative,
regenerative and hyperplastic phases (Salley, 1954 ; Morris, 1961 ; Hamner, 1966).
The similar lesions produced by calcium hydroxide progressed only to the beginning
of the hyperplastic phase. The treated hamsters lived to the normal or nearly
normal extent of their life Spans. It cannot be ascertained from this experiment
whether the lesions that developed were the final phase of the reaction to the
treatment with calcium hydroxide, or whether they had the potential of progression
to neoplasia. To assist in answering these questions calcium hydroxide ig being

~ applied to pouches using a wetting agent as vehicle, and pouches of hamsters

maintained on a modified diet are being treated with calcium hydroxide.

Oral cancers are relatively frequent in betel quid chewers. The relationship
of these cancers to the lime or calcium hydroxide that is added to the quids is
uncertain. Perhaps damage such as is produced in the hamster pouch by repeated
applications of calcium hydroxide renders the affected area more susceptible to
the effects of a carcinogen. It is known that oesophageal cancer sometimes
develops long after oesophageal stricture resulting from burns due to the ingestion
of sodium hydroxide (Iye) (Delph, 1937 ; Bigger and Vinson, 1950). Reports
from Iran suggest that cancer of the oesophagus is related to the habit of chewing
nass (Azarmie, 1965, personal communication ; Rahmatian, 1965). The ingre-

Watson, 1956 ; Steiner, 19586).

The observation in the present experiment that powdered tobacco (snuff)
did not produce lesions in the hamster cheek pouch does not prove that, tobaccos

tobacco (snuff) did not alone produce lesions, and a dusting powder (cornstarch
derivative) did not produce lesions. Inﬂammatory lesions that developed in 2 of
14 pouches treated with gambier were minimal. The effects of calcium hydroxide
were not enhanced when snuff wags applied in a mixture with the caleium hydroxide
or when snuff or cornstarch powder was applied several hours after treatment with
calcium hydroxide.
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FOOD CHEMICALS CODEX nz

and continue the titration to a blue end-point. Eacly ml. of 0.05 M
disodium ethy]enediaminetetraacetate Is equivalent to 10.51 mg. of
C;I"LC&OQ;P.

Alkalinity. A solution of 1 gram in 60 ml. of water requires not
more than 1.6 ml. of 0.1 N sulfuric acid for neutralization, using 3 drops
of phenolphthalein T.S. as indicator.

Arsenic. A Sample Solution prepared as directed for organic com-
pounds meets the requirements of the Arsenic Test, page 720.

Heavy metals. Dissolve 500 mg. in 3 ml. of diluted acetic acid T.S.,
and dilute to 25 mi. with water. This solution meets the requirements
of the Heavy Metals Test, page 763, using 20 mecg. of lead ion (Pb) in the
control (Solution A). :

Lead. A Sample Solution prepared as directed for organic compounds
meets the requirements of the Lead Limit Test, page 7 72, using 10 mcg. of
lead ion (Pb) in the control, '

Loss on drying, page 714, Dry at 150° for 4 hours.

Packaging and storage. Store in tight containers.
Functional use in foods, Nutrient; dietary supplement.

CALCIUM HYDROXIDE
. Slaked Lime
Ca(OH), Mol. wt. 74.09

DESCRIPTION

A white powder, possessing an alkaline, slightly bitter taste, One
gram dissolves in 630 ml. of water at 25 % and in 1300 ml. of boiling
water. It is soluble in glycerin and in a saturated solution of sucrose,
but is insoluble in alcohol.

IDENTIFICATION

A.  When mixed with from 3 to 4 times its weight of water, it forms a
smooth magma. "I'he clear, supernatant liquid from the magma is
alkaline to litmus, _

B. Mix1 gram with 20 ml, of water, and add sufficient acelic acid to
effect solution. The resulting solution gives positive tesis for Calcium,
page 769.

SPLECIFICATIONS '
Assay.  Not less than 95 per cent of Ca(OH),.
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Limits of Impurities

- Acid-insoluble substances, Not more than 1 per cent.
Arsenic (as As).  Not more than 3 parts per million (0.0003 per cent).
Fluoride. Not more than 50 parts per million (0.005 per cent).
Heavy metals (as Pbj. Not more than 40 parts per million (0.004
per cent). '
Lead. Not more than 10 parts per million (0.001 per cent).
Magnesium and alkalj salts. Not more than 4.8 per cent.

TESTS

Assay. Weigh accurately about 1.5 grams, transfer to a beaker, and
gradually add 50 ml. of diluted hydrochloric acid T.S, When solution is
complete, transfer it to a 500-ml. volumetric flask, rinse the beaker
thoroughly, adding the rinsings to the flask, dilute with water to volume,
and mix. Transfer 50.0 ml. of this solution into a suitable container,
and add 50 ml. of water. While stirring, preferably with a magnetic
stirrer, add about 30 ml, of 0.05 M disodium ethylenediaminetetra-
acetate from a 50-ml, buret, then add 15 ml. of sodium hydroxide T.S,
and 300 mg. of hydroxy naphthol blue indicator, and continue the
titration to a blue end-point. Each ml. of 0.05 M disodium ethylene-
diaminetetraacetate iz equivalent to 3.705 mg. of Ca(OH),.

Acid-insoluble substances. Dissolve 2 grams in 30 ml. of dilute
kydrochloric acig (1in 3), and heat to boiling. Filter the mixture, wash
ne residue with het water, and ignite. The weight of the residue does
t exceed 20 mg. )
Arsenie. A solution of 1 gram in 15 ml. of diluted hydrochloric acid
T.S. meets the requirements of the Arsenic Test, page 720.

3o
'e)

Fluoride. Weigh accurately 1.0 gram, and proceed as directed in the.

Fluoride Limit Test, page 762,

Heavy metals. Dissolve 500 mg. in 10 ml. of diluted hydrochloric
acid T.S,, and evaporate to dryness on a steam bath, Dissolve the
residue in 25 ml. of water, and filter. The filtrate meets the require-
ments of the Heavy Metals Test, page 763, using 20 meg. of lead ion (Pb)
in the contrel (Solution A).

Lead. A solution of 1 gram in 15 ml. of diluted hydrochloric acid
T.8. meets the requirements of the Lead Limit Test, page 772, using 10
mcg. of lead ion (Pb) in the control. '

Magnesium and alkali salts. Dissolve 500 mg. in a mixture of 30
ml of water and 10 ml of diluted hydrochloric acid T.S., and boil for 1
minute. Rapidly add 40 ml. of oxalic acid T.S., and stir vigorously until

precipitation is well established. Immediately add 2 drops of methyl

red T.3., then add ammonia T.S., dropwise, until the mixture is just
alkaline, and cool. Transfor the mixture to a 100-ml. cylinder, dilute
with water to 100 ml, let it stand for 4 hours or overnight, then decant
the clear, supernatant liquid through a dry filter paper. To 50 ml. of
he clear fliruce in a platinum dish add 0.5 ml. of sulfuric acid, and

FOTD CHENICALS COTEX ne

evaporate the mixture on a steam bath to a small volume. Carefully
evaporate the remaining liquid to dryness over a free flame, and ccn-
tinue heating until the ammonium salts have been completely decora-
posed and volatilized. Finally, ignite the residue to constant weizht.
The weight of the residue does not exceed 12 mg.

Packaging and storage. Store in tight containers.
Functional use in foods. Miscellaneous and general purpose; buffer;
neutralizing agent.

~CALEIMODATE—

Ca(10;)..H,0 Mol. wt. 407.90

' DESCRIPTION, _

A white powder. It is odorless or has a slight odor. It is slightly
soluble in water, and is insoluble ix} alcohol.

IDENTIFICATION .

To 5 ml. of a saturated solution of the sample add 1 drop of starch
T.S. and a few drops of 20 per cent hypophosphorous acid. A tran-
sient blue color appears. .

N\
SPECIFICATIONS AN
Assay. Not less than 99 per cent and ﬁét\{ﬁore than the equivalent
of 101 per ceh§ of Ca(10,),.H,0. ‘\:\.

Limits of Impurities \ _
Arsenic (as As). Not more than 3 parts per million (0.00603 per
cent). \ ‘
Heavy metals \(as Pb). Not more than 10 parts per million (0.001
per cent). \ '

TESTS \

Assay. Weigh ﬁccurately about 600 mg., dissolve it in 10 ml. cf
70 per cent perchloric acid and 10 ml. of water, heating gently if neces-
sary, and dilute with water to 250.0 ml.  Transfer 50.0 ml. to a 250-ml.
giass-stoppered Erlenmeyer flask, add 1 ml. of 70 per cent perchloric
acid and 5 grams of potassium iodide, stopper the flask, and swirl
briefly. Let stand for 5 mirutes, then titrate with 0.1 N scdium thio-
sulfate, adding starch T.S. just before the end-point is reached. Each
ml. of 0.1 N sodium thiosulfate is equivalent to 33.98 mg. of Ca-
(10,)..H,0. ]

Arsenie. Mix 3 ml. of hydrochloric acid with a l-gram sample,
evaporate to dryness on an asbestos board on & kot plate, and cool.
Add 5 mL of hydrochloric acid and again evaporate to drv--ss. Dis-
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CALCIUM OXIDE
Lime

C20 _ Mol. wt. 56.08

DESCRIPTION

Hard, white or grayish white masses or granules, or a white to gray-
ish white powder. It is odorless. One gram dissolves in about 840
ml. of water at 25°, and in about 1740 ml. of boiling water. It is
soluble in glycerin, but is insoluble in alcohol.

IDENTIFICATION

Slake 1 gram with 20 ml. of water, and add acetic acid until the
sample is dissolved. The resulting solution gives positive tests for
Calcium, page T69.

SPECIFICATIONS
Assay. Not less than 95 per cent of CaO after ignition.
Limits of Impurities

Acid-insoluble substances. Not more than 1 per cent.
Alkalies or magnesium. Not more than 3.6 per cent.

Arscnic (as As). Not more than 3 parts per million (0.0003 per
cent). .

Fluoride. Not more than 50 parts per million (0.005 per cent).
Heavy metals (as Pb). Not more than 40 parts per million (0.004
per cent).

Lezd. Not more than 10 parts per million (0.001 per cent).

Loss on ignition. Not more than 10 per cent.

TESTS

. Assay. Ignite about 1 gram to constant weight, and dissolve the
wm.cd sample, accurately weighed, in 20 ml. of diluted hydrochlorxc
scid T.S. Cool the solution, dilute with water to 500.0 ml., and mix.
Pipet 50.0 ml. of this solution into a suitable contdiner, and add 50 ml.
of water. While stirring, preferably with a magnetic stirrer, add
about 30 ml. of 0.05 M disodium ethylenediaminetetraacetate from a
50-ml. buret, then add 15 ml. of sodium hydroxide T.S. and 300 mg.
of hydroxy naphthol blue indicator, and continue the titration to a

lue end-point. Each ml. of .05 M disodium ethylenediaminetetra-
acetate is equivalent to 2.804 mg. of CaO.

Acid-insoluble substances. Slake a 5-gram sample, then mix it
with 100 ml. of water and sufficient hydrochloric acid, added dropwise,
~ to effect solution. Boil the solution, cool, add hydrochloric acid, if

necessary, to make the solution distinctly acid, and filter through a

- M i TS ol Tely wie cetl e Tt
e ot e - FTus oL WatelD WNUID Ifew G VO0TLLe

| S R R R N

dry at 1057 for 1 hour, coon, and weigh.

Alkalies or magnesium. Dissolve 500 mg. in 80 ml of water
and 15 ml. of diluted hydrochloric acid T.S. Heat the solution and
boil for 1 minute. Add rapidly 40 ml. of oxalic acid T.S., and stir
vigorously. Add 2 drops of methyl red T.S., and neutralize the solu-
tion with ammonia T.S. to precipitate the calcium completely. Heat
the mixture on a steam bath for 1 hour, cool, dilute to 100 ml. with
water, mix well, and filter. To 50 ml. of the filtratc add 0.5 ml. of sul-
furic acid, then evaporate to dryness and ignite to constant weightin a
tared platinum crucible.

Arsenic. A solution of 1 gram in 15 ml. of diluted hydrochloric
acid T.S. meets the requirements of the Arsenic Test, page 720.

Fluoride. Weigh accurately 1.0 gram, and proceed as directed in
the Fluoride Limit Test, page 762.

Heavy metals. Mix 2 grams with 25 ml. of water, cautiously add
7 ml. of hydrochloric acid, followed by 3 ml. of nitric acid, and evapo-
rate to dryness on a steam bath Dissolve the residue in 1 ml of
diluted hydrochloric acid T.S. and 25 ml. of hot warter, filter, wash
with a few ml. of water, and dilute the filtrate to 100 ml. with water.
A 25-ml. portion of this solution meets the requirements of the Heauy
Metals Test, page 763, using 20 mcg. of lead ion (Pb) in the control
(Solution A).

Lead. A solution of 1 gram in 15 ml. of diluted hydrochloric acic
T.S. meets the requirements of the Lead Limit Test, page 772, using 1C
mcg. of lead ion (Pb) in the control.

Loss on ignition. Ignite 1 gram to constant weight in a tarec
platinum crucible with a blast lamp.

Packaging and storage. Store in tight containers.
Functional use in foods. Alkali; nutrient.

— AT PANTOTHENATE
Dextro Calcium Pantothenate

[HOCH.C(CH,);CH(OH)CONH(CH.),CO0.Ca

CmHazcaNf_-Oxo Mol. wt. 476.2

DESCRIPTION

The calcium salt of the dextrorotatory isomer of pantothenic ac
occurs as a slightly hygroscopic, white powder. It is odorless and has
bitter taste. It is stable in air. One gram dissolves in about 3 ml.
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A HISTOPATHOLOGIC STUDY OF NERVE SCLEROBANTS*

Allen Jesse Hoslin, D.1).S., Birmingham, Ale.

INTRODUCTION

Tm: aim of thig study was to compare the histopatlmlogic effeets of absolute

.ulcoh.ol, Sylnasol,** and several other agents with potential local neyro-
toxie action, using the seiatie nerve of the rahbhit as the test site, N/10 saline
\Yas selected as a control because it does not damage either musele or nerve
tissuet  Ahsolute aleohol has heen employed as a neural selerosant for ap-
Droximately fifty.five years.® In recent years, 5 per eent sodinm psylliate with
2 per cent benzyl aleohol (Sylnasol) has heen used successfully ‘as a nerve
selerosant aned has heen thought to he more self-limiting than a bs.o]ute aleohol.
Folloviing the administration of caleium penieillin, seiatie nerve necrosig has
heen reported.s Supersaturated solutions of ealeiwn hydroxide have Leen used
for pulp-capping in elinieal dentistry without destroying the dental pulp.
Tw'o per cent sodium dicetyl phosphate hag produced intense fibroplastie re-
actions in animal experiments.?

METHOD

meter with a pH of 6.2, and N/10 saline,

The ““Dutch’’ breed rabbit was used as the experimental animal,

The fascial sheet covering the sciatie nerve Wwas cxposed, a 22-gange needle
on a1l e.c tuberenlin syringe was passed through a small opening in the faseial
sheet, and 0.95 ¢.c. of the desired agent was deposited with minimal pressurc
a-round the seiatic nerve, The site of deposition of the agents was the bifurea-
tion of the sciatic nerve to form the peroneal and tibial nerves, The procedure
was carried out in a manner designed to avoid mechanieal irritation to the
nerve.

From the University of Alabama School of Dentistry.

*a
State L'nf::ﬁ:;{;hg?r?ff:;_ completed under the auspices of the Depurtment of Oral Surgery.

1404

ﬁ muscle and fat appeared to he almost normal,

twelve weeks postoperatively. Two series of animals were used for each agent.

The thighs were hiopsied and three sections, 4 mm. in thickness, were

removed from each thigh as follows:
1. A proximal seetion near the head of the femur.
2. A central section at the site of deposition of the test agent.
3. A distal seetion near the distal end of the femur,

The specimen sections were stained with hematoxylin and eosin in ac-
cordance with aceepted histupathologic techniques. One series for each agent
was also stained with Luxol fast blue myelin stain® The specimens were cut
7 microns in thickness, and mieroscopic slides were prepared. Al slides were
read at magnifications of x28, x100, and x430.

RESULTS

All specimens in the series in which N/10 saline was the test agent showed
no evidence of tissue damage or inflammatory response and were used as the
controls (Figs. 1 and 2).

Sylnasol, in one-week specimens, produced a complete loss of axis cylinders
and severe demyelinization of the nerve with ne visible damage to the Schwann
cells (Pig. 3). Musecle and fut damage was mild, with marked early muscle
regeneration present. There was an exuberant early histioeytie and chronié
inflammatory cell reaction without giant cells or vhagoc¥tosis (Fig. 4).

In the two-week specimens the intensity of the histioeytic reaction was
reduced, the musele and fat reaction was similar to the one-week specimens,
and early granulation tissue was proliferating,

Complete nerve degencration remained in the three-week specimens. The

There was an abundance of
giant eclls with an otherwise seanty chronie inflammatory response,

The four-week specimens exhibited only foeal nerve degeneration, most
marked in the outer portions of the nerve faseicles. The adjacent tissues ap-
peared to be entirely normal.

normal in all respeets, with the exception of one twelve-week series which
showed a foreign body reaction and foeal scarring in the perineural tissyes,
These latter findingg may he attributed to greater initial damage or to an
unknown injury sustained by the nnimal.

The agent did not exhibit a tendency to Iocalize hut, rather, spread along
the fascial planes that were in association with the nerves,

ﬁ The six-, eight., ten-, and twelve-woek specimens appeared to be entirely
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Sodium dicetyl phosphate produced no evidence of nerve damage in any

of the specimens (Fig. 5). Minimal marginal musele degencration and vo.
generativn were present in the one-, two-, and three-week speeimens,  Fyey
in the one.week specimens, the central sections showed a massive large wiant.
cell reaction with an extensive chronie inflammatory response (Fig. G). "Thiy

Fig. 5.
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Fig. 5,—-Pho!omlcmgraph of df dicety) ph te i t lin aml -
axis cylinders are normal. (Luxol blue stain. Magnification, x60; nl-cd‘)\:lcee(r%‘;. Myelin an 3 ;1
Fix, 8.—Photomicrograph of modj dicetyl ph te i at one weck, There are ; E
& marked histlocytic reaponse, very large giant cell , las a F
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persisted, apparently unchanged, until the sixth week. The six-week speei-
mens showed a diminuiion in the response. The chronie inflammatory cell
proliferation was absent at ten wecks, The giant-cell reaction persisted
through ten weeks but was absent in the twelve-week specimens.

Marked fibroblastie activity was present in the one-week specimens and
continued through six weeks. Fibrosis was also apparent at one week, in-
creased and matured through four weeks, and showed early cicatrization at
six weeks. A moderate amount of cicatrix wasg present in the perineural fat
and connective tissue in the twelve-weck speeimens,

The agent showed a strong tendency to localize, probably because of its
viscosity, at the site of deposition.

Saturated caleium hydroxide solution, in the one-week specimens (Fig. 7),
produced an outright foeal coagulation neerosis without liquefaction of the
herve, affecting the axis eylinders, myelin sheath, and Schwann cells. These
changes were severe. The agent showed a tendency to spread longitudinally
along the faseial planes, producing a necrosis in the majority of the proximal
sections.  The distal scetions, less directly affected, showed degeneration of
the nerve with demyelinization, approximately fifty per cent loss of the axis
eylinders and intact Schwann cells,

There were marked marginal musecle destruetion and abundant early
musele regeneration. The fat and conneetive tissne had undergone an aseptic
neerosis. An intense chronie inflammatory response, with many macrophages,
separated the damaged from the normal tissues. There was an inecrease in
nerve vascularity, as well as early organization of the neerotic tissue with
carly fibrosis (Fig. 8).

In the two-week specimens the nerve damage was equally severe, the

chronic inflammatory proliferation was less intense, and the proliferation of

granulation tissue was more abundant.

The three-week specimens were essentially similar to those at two weeks,
with a slight increase in fibrosis and a questionable distortion of the peri-
neurium,

The four-week specimens showed less nerve destruction in the proximal
and distal sections, but at the site of injection it was equal to that of the pre-
ceding specimens. The perineurium was distorted and showed proliferation of
granulation tissue. There was a general increase in the amount of granulation
tissue, the fibrosis was maturing, and the scarring was intense. A grauular
precipitate of caleinum was detectable, and giant cells were seen for the first
time in this series.

The six-week specimens appeared to represent the beginning of a clean-up
process. The nerve showed foecal demyelinization, patehy loss, and swelling
of axis eylinders and Schwann cells. The chronic inflammatory reaction was
focal and minor in intensity. The granulation tissue response was lessened,
and the searring was increased. No further muscle destruction was evident,
and many small young muscle fibers were present,
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) The eight-week speeimens showed less demyelinization, very little axiy
cylinder loss, and intact perineurium, elumps of gnarled Schwann cellg pp

B HHH

. axis eylinders running iy haphazard arrangement with many entering intg -
‘ neighboring fascicles. The inflammatory response was absent, the scar shrink-
) P ing and the muscles completely regenerated,
Y 3 } 3
. ‘ The ten-week specimens appeared to have complete healing, and al] tissues &
. . were normal, b
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K 5. 7.—I‘hotomlcrograph of calelum hydroxide specl ked
? demyelinizating Totomler pecimen at one week, There Is marke
| K Jemyelin eation, xgag;o;eggggx’:znftely 50 per cent of the axis cylinders. (Luxol blue
. A Fig !.—Phowmlcromph of calcium hydroxide specimen at one w y
¢ek. An area demon-
% ;(c;‘u%?f ;.(h‘eo se::‘;:c;ndusﬁle) degeneration and necrosh.‘ (Hematoxylin and eosin stain. Magni-
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The twelve-week specimens were similar to those at ter weeks with ths
exception of onc series which more closely rescmbled the response at six to

eight weeks, probably as a result of greater initial damage than in the other

speeimens.
No vessel damage or thrombosis wag noted in this series.
Caleium penieillin produced no visible nerve changes in its entire series
(Fig. 9).
Fig. 9,
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Fig. 10,

g 9.—Photom!icrograph of calcium Penlcmm specimen at one week. Nerve fibers
A;g xc\:dnn;zl) with intact myelin and axis cylinders. (Luxol blue stain. Magnlfication, x360;
redu

Flg. 10.—Photomicrograph of calcium penicillin specimen at one week. Marked forelgm

y reaction with muscladde;tt;ucuon and calelum granules, (Hematoxylln and eosin ain.
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. An intense foreign body reaction was elicited from the first (Fig. 10) ty
third weeks, and by the fourth week it was decreasing in intensity, The eight.
week specimens showed no inﬁumnmtory response.  Marginal musele Neerosiy
Fig. 11,
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'i Fig. 12.
Flg, llv.—Photomlcrogrcph of absolute aicohol 1 t 3 b
! g:rcne)&cn%n'l)xa(mn and loss of axis g.vlim‘lel?u.lzl (()Lt‘)lx;‘peg‘l‘?:n.&mt-meh\(v.'c;:m‘:z{x:n'ne;vée“u;10'}2
¢ Fig, lz.—-Photomlcroxmph of absolute aleohol specimen at on ek,
¢ I There $s marginal
B miscie destruction gm well as a mild chronfe infla t " aepa 1 and
o daumaged muscie, (Hematoxylin and eosin alalt:.n m:ilgg-l;t;.ﬁ?g;,e ;e D;r‘:-‘en uc:tehcia );:;-ma &
a4
4 was present for two to three weeks, with some regeneration oceurring. A
i marked fibroblastic response, beginning in the first weck, produced large
o amounts of scarring by the fourth weel,
)
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The cieatrization, most pronounced arsund the ncrves, persisted throngh-
out the series,
Basophilic ealcium granules, present by the second week, were found in
the scars in all the later speeimens and in greatest quantity immediately around
the nerves,

-~

] The agent showed a marked tendeney to localize at the site of deposition.

Absolute aleohol, in one-week specimens (Fig, 11), produced an outright
coagulation necrosis of the nerve, similar to that resulting with ealelum hy-
droxide. A mild chronie inflammatory reaction, some fat necrosis and a very
minimal agount of muscle necrosis also resulted (Fig, 12),

The twoweek speeimens exhibited Jesy necrosis and more degencrative
changes in the nepves than in the one-week specimens,  The axiy eylinders
were destroyed, and demyelinization wag complete.  The architeeture was
preserved, although swollen, There wax some musele regencration as well an
an inerease in fibrosis at the site of deposition of the agent,

The three- and four-week  speeimeng exhibited the same degenerative
changes in the nerve As was seen at two weeks, The chronie inﬂumm:nm'y
response had disappeared, minimal musele regeneration persisted, and the
degrec of fibroyis (most marked at the central gite) was mod«-rutc..

Approximately 50 ber cent of the nerve fascieles in the gix-week Rpeei-
mens showed degenerative changes.  The adjaeent tissuey weope normal with
the exeeption of sume slight fibrosis in the eentral seetions,

The cight-, ten-, anq twelve-week speeimeny were normal in 1l respects,

The ageut did not loealize, as evideneed by ehanges in the proximal see-
tions similar iy nature but not in degree to those at the site of deposition,

DISCUSSION

It may be assumed, from the ahsence of tissue reaction or daimage in the
N/10 saline series, that the operative procedyre her se produced none of the
changes demonstruble with the other test agenty.

related, in part, to its tendeney to pool at the site or to Jdiffuse along the longi.
tudinal faseial planes.

Sylnasol produecd nerve degeneration of compuratively short durntion
and appeared to have a relatively more selective action on the nervew if com-
parison with its effeet on the adjucent tissues, The elinieal experience of those
clinicians using Sylnasol for nerve bloeks and the findingy of thix study are
in eontradiction to the conclusions drgwn by Sehultz.s «

Benzyl aleohol in 5 and 10 per cent coneentrations has produced nerve
and tissue damage.1¢ 1 The effects of 2 per cent benzyl aleohol were not
determined in this study. However, it should he considered as producing at
least some of the damage and reaction that resulted with injection of Sylnasol,

Sodium dicetyl Phosphate produced no demonstrable nerve changes, Ity
loeal fibroplastic properties are good” The intense giant.eel] proliferation
would appear to be in response to the olive oj]

The degree of reaction to an agent at the site of deposition sppeurs to be
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In all but one series, absolute aleoho! produced degenerative rather than
neerstic nerve changes, and an aseptic necrosis of fat and marginal museula-
ture was scen in early specimens. The extent of degenerative changes pro-
1 duced by aleohol depends on the type of tissue injected. Skin and musele L
tissues are not affceted as severely as loose connective tissue or nerve tissue,'?

- “‘Strong ateohol”’ injected into a bundle of nerve fibers soon coagulates the

R albumin in the nerve sheath and fiber, resulting in degeneration of the nerve )
‘% fibers.’* 1In this study, ahsolute aleohol appeared to he the most highly specific ,

agent for nerve tissue with the least amount of associated tissue reaction.

Absolute aleohol and Sylnasol had the same duration of damage to nerves. !

Saturated caleium hydroxide solution produced nerve ncerosis. The ; 3
musele and fat exhibited relatively greater destruetion than the nerves. This ;
is probably a result of the proteetion afforded the nerve by the perincurium. P
The distortion of the perineurium is indicative of nerve atrophy. The healing Lo
process with this agent was of interest in view of its tendeney not to result in
large amounts of cicatrization, The severity of the associated tissue reaction
would probably contraindieate the use of this agent for clinical nerve blocks.

Comper ative
P Roaetion rr

Syinasal
—-~8odwum Dicelyl Phosphale
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The results obtained with ealeium penicillin are not in aceord with those
previously reported. It i possible that the ecaleiwm granules and the dense
sear around the nerves may produce functional changes in the nerves. On the
basis of this study, caleium penicillin would not warrant eliniea] trial for nerve
bloeks.

e scan s

(RTINS PR PO

~
~
-
<k
IS
~
3
®

Sy e

Chart 1.—Graphic representation of comparative reactions of tissues,
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This study indicates that the most effective agent, of those tested, for
clinieal nerve blocks is absolute gleohol. i

Histopathologic changes in nerves are not necessarily a measure of the
i extent of funetional changes which may oeeur. Nerves not damaged by an
C azent, as evaluated histopatho]n;:i(-nl]y, may undergo funetional changes re-
sulting in abnormalities of eonduetion,
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on Some Newer Long-Aeting Loca]

DIAGNOSIS AND TREATMENT PLANNING

ORAL DIAGNOSIS AND CONSULTATION

I, A. Brayshaw, Lieutenant Colonel, DC, USa*

B

TECHNICAL advanees in dental materials, eqixipmcnt, and procedures acecom-

plished by diligent persons and co-ordinated subsidized research projects
are tremendous.  These discoveries often precede general practical application
by many years. Narrowing this gap between technical scientifie knowledge
and elinieal application is a constantly evolving edueational process. Dentists
alert to learn and to apply the improved aids become the most astute diagnos-
ticians and therapists. The brocesses of study and evaluation are the instru-
mentalities of genuine professioal advaneement,.

Oral diagnosis in dentistry is often given Passive and cursory attention.
It is really one of the most important daily considerations that eonfront us.
An acenrate diagnosis is a necessity in the intelligent formulation of a treat-
ment plan.  Immediate palliative treatment for expressed complaints is fre-
quently the only treatment given. If we are to give dental service that is
worthy of dentistry’s position as a scientific health service, careful, thorough
diagnosis and treatment planning must be inaugurated. The importance of
diagnosis is now emphasized by the Ameriean Dental Association’s Couneil on
Dental Education. That group requires that all approved intern, graduate,
and residency training include instruetion by a qualified diagnostician. ‘“The
patient and the dentist benefit mutually from the time devoted to a comprehen-
sive diagnosis,’”

Special training in oral diagnosis is becoming available as an integral
part of a well-balanced advanced training curriculum. To become an astute
diagnostician, one must have a great deal of knowledge and repeated experi-
ence. An accumulation of experiences can be presented in a teaching situation,
but these become more meaningful and more valuable as they beeome a per-
sonal challenge and are solved by the individual dentist. The ability to recall
at the erucial time and, to use the knowledge gained is a mental diseipline
acquired by assiduous study and keen observation. Kolmer stated: ‘‘Un.
fortunately it frequently is difficult and sometimes impossible for physicians

*Chief of Periodontia, Madigan Army Hoaspltal, Tacoma, Washington,
1417
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194 ‘ Calcium Nitrate

(1949 o United Stages Vanadium Corp.); by heating 4
stoichiometrj mixture of CaQ) or CaCQs and molybdic aci(:
Kroger, Aurire 159, 674 (1947).

Teteagonat coystals, d 4,35, lusoluble in water, alcohol;
sol in cone mincral acids,

USE: In phosphors and luminesceny materials,

Calcium Nitrat Ca(NO3)2: mol wy 164.10. Ca 244207
N17.07¢., 0 88,500, Prepn: Ginelin's Hanth, anorg. Cheny.,
System no, 2§ (Calcium), part B, 8th od, PP 59-69, 341-383
(1956).

UsE: Thickcning luhriculing oils; Waterproofiy,. fan.
and lubric:uing Ereases; as corrosion inhibitor in I
hydrocarbons, "

Calcium Pantothenate, Pantothenic geiy caleiuy, |, .
calcium D(—f‘)-1\3(2.4-diI|_\'droxy-3.3-dimc(hyll)ul\(\h. )
ninate; Pantholin, [H()CH:C((.‘H;);CIIOH(?().\'H('“,( V:
C 2Ca; mol wiy 476.51, CuH“C:lNsz; C o437
H 6779, "Ca 8.41¢;. N 5.88¢;, AT Prepn’: vy
meister, U.S, pat. 2,780,645 (1957 (q Commereiy) Sohy
Corp.); Kagan, U.s, Pat. 2,845 456 (1938 ¢, U
Purification - Kapp, Griftith, U.s, Dat. 2,935 5xg (R
Nopeo Chenizal Co.). .’\'lonogruph: Greulich, M,
Ph_urma:ic 12, o43 (1957).  See also Pantathenie Acid

Deliquese eranules. mip about 360" Very sol in water, heat

cing evolved; freely sol in niethanol, cthanol, acetone;
almost insol jn concd HNQ;. pH of 5% aq soln 6.0, Keep
well closed.

ref relating o repn. . Only the dextrorotutor, TP

Note: Calcium nitrate crystallizes also with 41,0 (30.5¢7), described li’crc har; wpmmin zu:uyvity. oy iy '
melting at 45°, TL‘ChHiCLI“lec usuatly-contuins 23.6%% 1,0, Minute needles from nwthanol, Sweetish tste
ust: In explosives, fectilizers, matches, pyrotechuics, slightly bitter aftertaste,  Dee 195-196°, Moderatg, 1
manuf of incundescent mantles, radio tubes, HNO;; corro- groscopic. Reasonably stable to air ang light, [o]25 P
sion inhibitor jy diesel fucls, NP ERL O

(c = 5). Soluble in water; one gram dissolves 2N
H.0; sol in glycerol; slightly sol i1y alcohol, acctone,
of aq soln (1 iy 20) is between 7.2 and 8.0; pH jn COy.ii!
walter js 8.7, Calcium pantothenate solns are most .

between pH 5 and 7, Rate of hydralysis is a function of Ji
and is catalyzed by the presence of clectrolytes, Salny L
not stable to autoclaving, ang sterilization by filt;

Calcium Nitrite, Ca(NG2):: mol wt 132,10, Ca 30.34¢;,
N 21212 o 48,4507 Prepd by reaction of nitric oxide with
Mmixture of calcium ferrate(FH) and caleium nitrage: Ray~-Ogg,
dr., J. Am. Chem., Sac. 79, 265 (1957).

White or yellowish, deliguese, hexagonal crystals, d 223,
Frecly sol in water: slightly sol jn ale.  Keep well closed.

Wioy o,
Use: Corrosion inhibitor in lubricants,

necessary, Stability data Frost, Mclutire, /. A, Chen,
Soc. 66,425 (1944),

MID USE: See Pantothenic Acid.

VET USE: As source of pantothenic acid,

Calcium Oleate, Oleic acid caleinp salt.  Ca(CygHgs-
8:)1; mol wt 6102.97. C;sH“Ca?la; C 71.71%,]]{ ll‘.,03%,
a 6.655., O [0.¢ Y. Prepn: arrison, Biochen, J, 18, .
65% . P pn L 619, Calcium Pcrmangmmte. C;\(Mn04)z: mol wt 2774,
a 14,4260 Ny, 39.53¢, O 46.05%,, Prepn from KMo,
and CaCly: Brit, pat. 624,885 (1949 to Boots Pyre Druge ¢y
Ltd. and T, Hagyard); from AlNMNOL); ang Caton,,
éaskowwk, U.S. pat. 2,504,130 (1950 to Carus Chenig g
0.). :
Violet or delrk-purplc, deliquese crystals, Freely sof 4,
water; dee in alcohol., Keep tightly closed. '
JUSE: Anliscptic, disinﬁ:cl:mt, dcodorizcr; with Cup, W
binder for welding clectrode coatings and fluxcs,

Pale-yellow fransparent solid, Dee above 140°, Siowly
absorbs moisture from the air to form the monohydrate,
Pmctic’u“y insol in water, alcohol, cther, acetone, petr ether;
sol in chloroform, benzene, .

Ust: Thickening lubricating grease; watcrproofing con.
crete; emulsifier for benzene, kerosene, cte.; in modeling
waxes to vary hardness.

Caleium Oxalate, CaC204; mol wt 128.10. ¢ 18.75¢;,
Ca 31.29¢. O 49.96¢;. Prepn from calcium formate:
Bredt, U.S, pat. 1,622,991 (1927); from calcium cyanamide:
Barsky, Buchanan, J Am. Chem. Soc. 53, 1270 (1931).

Hydrate, CnCzO4.HzO, cubic crystals. Loses all of its
water at 200°, Wiy ignited js converted into CaCO; or
Ca0 without appreciable charring, o 2.2, Pruclicnlly insol
in water or acetic acid; sol in dit HCl or HNO,.

USE: In ceramic slazes; as carrier for scparation of rare
earth metals; analysis for calcium:; Ingols, Murray, Anaf
Chem. 21, 525 (1949),

Calcium Peroxide. Calcium dioxide, CaOz; mol vy

. Ca 55.60;, O 44.4077,. The commercial proJu,

usually contaiys about 607, Ca0,; = 13.3¢0 availae

Oxveen, with water and some Ca(OH); angd CaCO,. PPiepu

"oung, U.S. pat. 2,533,660 (1950 to Du Pont); Ehrlich 1y

Handbook of Preparative Inorganic Cl.'cmi:rr_l', G. Braar,
Ed., (2ng ed, Academic Press, 1963), p 936.

White or yellowish, odorless, alimost tasteless powder
Dcc in moist air, Slightly so] in water; sol in acwds waun
ormation of M 202, Keep well closed,

USE: Stabilizer 1or rubber.

MED UsE: Formerty ay antiseptic oxidizing agent.

LC. Lime; burng lime; calx; quicklime, Ca0;
mol wt 56,08, Ca .4702, 0O 28.53¢;. Properly stored Jime
of comumerce contains 90-95¢7 froe Ca0. Commereial
production from limestone: Faith e al., Industrigl Chemicals Calcium Phcnolsulfmmtc. p-l{ydm.rybcnzenrsul/&miv acid
rd ed, John Wiley & Sons, Inc., 1965), p 482, Laboratory calciunt saly; calcium su!focnrbol;nc; calcium sulfophenaot -
Prepa by ignition of CaCOs: Lhelich in Handbool: of Preper- g&l.[gs”z(OH)SOa]»: mol wt 386.40 Cialy6CaO),N,.

atice Inorganic Chemistry, G. Brauer, Ed,, (2nd ed, Academic 305, H Z.GIzQ Ca 10.37¢2, O .33.1.7_‘%, S l6.ow,
Press, 1963), p 931, Prep

n: Hagers Handl, pPharm. Praxis vol. 2,420 (Bethi,
Crystals,” whire or grayish-whire lumps, or granular | 1930),

powder: commerciy| material sometimes has a yellowish or Hydrate, CZl[Cglh(OH)SO;]z.HzO, odorless cryst prowe
brownish tint, due to iron, mp 2572%; pp 2830°;°d 3.32-3.35. i

v 2 ¢ der. Soluble iy waker or aleohol. ~ The aq soln s neutrat,
I-’.cadlly absorhs CO: and H20 from air, b.:coming air- and has a bitter, astringent taste,

slaked.” Soluble n water, forming Ca(ON), ang suenerating a VET USE: Has beep used as an intestinal antisepliv, i
Large quantity of heat; sol iy acids, glycerof, sugar soln; dusting bowders for ulcers and slowly granufating wound
practically insol in ale. Keep tightly closed and dry. . and in ophithulmic solais,

ust: In bricks, plaster, mortar, stucco angd other building |

and construction materials;  manufl of steel, aluminum, Calcium I’hcnnxidc. Calcium carbolate; caleium phc“.llc;
magnesium, and flotation of non-ferrous oresy manuf of calcium phenolaie; cialcium phenylate, Ca(OCel5);:; mol
glass, paper, Nua,CQO, (Solvay Process), Ca salts ang many | wt 226 28, CuHmCqu: C 63.09¢, 11 4.45¢; Ca 17.7-‘"r
other mdustrinl chemicals; dehairing Lides; claritication of 1 O 141477, Prepa: Kluge, Drake, U.s. pat. 2,870,104
cine and beet sugar juices; in fungicides, nsecticides, drilling | (1959 ¢, I'exas Co),

uids, lulwicants: prater and sew ige treatment: in Liboratory Reddish powder. Do jy air. Stightly sol in water vr
to absorb CO, (the combinttion with NaOH is known as alcohol. KNeep welt clm:v.(l.
soda-time, L), Huwian Toxicity: A strong caustic, May use: Dclcrgcnl; additive for motor oils.

cause severy irritation of skin, mucous membranes,
Calcjum l’hmphn(c, Dilasic. Calcium monnh,\dm'??’:

Calcium Palmitate, Paluiitic acid caleim salt,  Cy- phosphare; secondary caleiym phosphate.  Cal (PO, m.t
(C:zc“u()z)z: mal et 550,90, Caz”szcuo.t; C ‘)‘).7(7',;», wt 136.06, Ca 2().4()',,', i 0.7‘[‘;’;,, 6] 4]()1", | RN DA
Li13ge; "Cy 7.28¢,0 Thae, Prepn: Hanison, Biochem, Prepa trom CaCly and Nu POy : Jeusen, Riuhley, fioee
JoIg, 120> (1924), Syn. 4, 19, 20 (1953); from (';1;(!’04)2 and 1{,0°04; ]'\_11.-,7?.
Powder or rhombic crystals, Dee above 1557, Puwticu”y Posner, itid. 6,16 (100, whepe it is an intermediate in the
insol in waler, alcohal, cther, acctone, potr cther; stightly preparation n['h)'dl‘t)x.\;xp.x(itc. . ]
sol in chloroform, bensene, acetic acid. Anhydr, CallPQy,, monciite. Triclinic crystals, At o

Consult the cross indey before using this sectipn
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: : Calcium Molybdate(VI) 193

Tyst powder, Slight acetic ajy.
a \\:;ucr. pmclucally insol in ale
-- stape; as binder for fine-ore
< lubricants. eore

aleiofon; Calglucon: [y
< . ~bugin:
AQGHCHOINC OO "
k . Cr ~. y .
L 33.49%, 169, Ca 9.31¢;,
:;x!s,. granules, or  powder
ase Mts water on drying \\'hhout.
_so! in 30 parts cold, abow 5
ale or other organic solvents,
=7, Morc concd (20 to 30:;)
v the addition of boric acid ‘ér
5 The use of calcium p.g
satd injectable solns of calcium
Zalcium b-Saccharate, Injects
-1 contg sodium ascorbate are
and Ger. pat. 702,185, General
->icgrist, Pharm. Acta Hely, 34
v =ty

G

:; in coffee powders to prevent

y. Dose: Oral 3 1o 15 day;
May cause GlI., cardiugc/ Jx);'

-ik fever of cattle, precnancy
: convulsions, lacmtio[x)l L»Zu.,:lff.
- Lv. in Mg, Hg, Pb, CCls
s where the prompt action of
orses and cattle 25-100 giv,

swine 4-5 g i.m. or Lv.; dogs

&

£, Glycerophosphoric  aci
_‘glyccro! esters cglcium s"|clltd
Ya acid salt; HOCH,-
K wt 21015, C;3H,-
o C 2075, O 45.69¢C:
L i
D the peplyeerophosphoric acid
znd L(—)-forms of a-glvcero-
ammercial product is mixture
-'?phospha!cs: Toal, Phillips,
»»--9)._ Prepn of the calcium salt
man, J..Chcm. Soc. 105, 1238
Zi[i):ral!on lnf the a-acid from
p S via the a-acid culoi
(1950), C.A. 46, 5077 (llislsllll;
- adorless, almost tasteless,
<z¢ >170% Soluble in about
voiling water; soly in water is
2d; abmost insol in ale. The

})owdcr, as food stabilizer.
ysphorus dictary supplement.

source of calcium and phos-
these elements. ‘Formerly in

Calcium fluosilicate: calei
$2.17. c;._zz.ooe:;f F'ocifl.iké‘t,!zl.)
- and HaSiFe: Moller, Kret,

'mdcr. d 2.25, Almost insol
1ot water; practically insol in
- pigs: 2>p myg/ky,

- industries: flotation agent;

:noll wt 42,10, Ca 95.217,
mbination of calcium and
97,655 (19438); by reduction
resence of hydrogen: Gibb,
4&»—2[_1 (948); from CaCl,

sodium: Wade, Alexand.r,
al Hydrides, bncl). Reciews:
5 Katb, USALC APEN-455,

mnwe b oproduct s Rray.
hw lower alcohols mnd
ShIUH lerately  powertud
I e NS IN0rC power-
.l oxides than lithium or

.

use: To prepare rare metals by reduction of their oxides;

wadrying agent for liquids and gases] Lo geaerate hydrogen:
1 ¢ of calcium hydride in water tiberates 1 liter of hydrogen at
stP; in organic syntheses.
_Calcium Nydroxide, Calcium hydrate; slaked lime.
CalO1Dz; mot wt 74110, Ca 53.099¢, H 27265, O 43.109,.
Contains at_least 954¢ Ca(Oli)a. Commercial prepn by
mpdration of lime: Faith er el, Industrial Chemicals, (3rd
o, John Wiley & Sens, Inc, 1965), p 433, Laboratory prepn
by treating an aq seln ol a calcium salt with atkaliz Ehrlich
i Handbook of Preparatice Inorganie Chemistry, G. Brauer,
Ed. (2nd od, Academic Press, 1963), p Y34,

Crystals or soft, odorless, granules or powder, Stightly
pitter, alkatine taste, Readily absorbs CO; from air forming
CaCOs.  When ignited it loses H20 leaving CaO. d 2.03--
214, Slightly sol in water; sol in glycevol, sugar or NHLCH
wins; sol in acids with evolution of much heat. pH of
ag soln satd at 2571 12,4, Kecp well closed. 1.Dso orally in
rats: 7.34 pike.

use: In mortar, plaster, cement and other building and
paving materials; in lubricants, drilling fluids, pesticides,
fireproofing coatings, water paints; s ey preservative;
mantit of paper pulp; in SBR rubber vulcanization; in
water treatment; dehairing hides,

MED Usk: Topical astringent in soln or lotion.
Hydroxide Solution, U.S.P.)

(Calcium

Calcium 1ypochjorite. ~ Losantin. Improperly called
caleium oxychioride, Ca(QChyz; mol wi 142,99, Ca 28.03%,
Ct 49,59, O 22.385. Pure product has not been prepd.
Commercial  products  usually contain 5055 or more
Ca(OCNz. Prepn of solid product contg 90-949, Ca(OClha:
Cady, Inorg. Syn. 5, 101 (1957). Impurities  include
Cia(Cl04)2, CaClz, CaCQOa, Ca(Olh)2 and witer.

vse: Algaccide, bactericide, deodorant, disinfectant; fungi-
cide; in sugar refining; oxidizing agent; bleaching agent.
Ingredient of Caporit which also contains NaCl.  Also
ingredient of HTH and Perchloron,

Calcium [ypophesphite. Ca(HzPO2)2: mol wt 170.07.
Ca 23.57%.. H 237%, O 37.63¢;, P 36.43%. Prepn:
Gmelin's Handb. anorg. Chem., System no. 28 (Calciumy),
part B, 8th «d, pp 1119-1121 (1958).

Monoclinic, prismatic crystals or granular powder, When
heated above 300° it evolves spontancously-inflammable
phosphine.  Soluble in water; slightly sol in glycerol; prac-
tically insol in alcohol. The aq soln is stightly acid. Jucompat.
K, oxidizers.

usk: As corrosion inhibitor; in nickel plating.

MtD ust: Formerly in various conditions of impaired
nutrition.

vir ust: Formerly used as a nerve tonic, prescribed in
syrups with other ingredients.  Of doubtlul value.

Calcium lodate. Lautaritc. Ca(I031)2; mol wt 389.90.
Ca 102567, 1 65.10%, O 24.625,. Prepd by passing chlorine
into a hot soln of lime in which iodine has been dissolved:
Bahl, Singh, J. Indian Chem. Soc. ¥1, 397 (1940).

Nonhygroscopic, monoclinic-prismatic  crystals. dis
4.519, Stable up to 540°° Scnsitive to reducing agents.
Solubitity in water at 0° = 0.10 g/100 ml; at 109° = 0.95
«/100 ml.  More sol in aq solns of jodides and in amino
acid solns.  Soluble in nitric acid. Insoluble in alcohol.

. Monohydrate, Ca(i0O1)2.H20, cubic crystals. Slightly sol
in water.,

Hexalydrate,  Ca(103)2.61:0,

Stightly sol in water.

Ust: Nutritional source of fodine in foods and feedstufls.
More stable in table salt than iodides: Food Ficld Reporter,
Aug. B, 1956; Duaum, C.A. St, 5324 (1957); to improve
properties of yeast-leavened bakery products.

MED ust: Anhydr salt formerly as topical disinfectant.
Hexahydrate formerly as antiseptic, deodorant,

Calcium lTodide. Calz; mwol wt 20390, Ca 13,647,
LK6.364, . Prepn: Gmelin's Handb, anory. Chem., System no,
28 (Calcium), part B, 8th cd, pp 101, 010-622 (19538);
Chaigneau, fadl. Soc. Chim, France 1957, 886; Farr, U.S.
pat. 2,415,346 (1947 to Mallinkrodt Chemical Works). The
commercial product usually contains 16 205, water,

Very hyproscopic hexagonal lamella.  Becortes yellow

orthorhombic crystals.

and complctely insol on exposure to air due 1o lberation of

L and absorption of COz. mp 74075 bp 11007, Vay sol
in water, micthanol, cthanol, acetone; plucuc;xily insol in

Keep tightly closed and protected from light, ]
Ilexahydrate, Cala.61120, hexagonal, thick ncedles or
plates or lumps ar powder.  Very hygroscopic; becones
yellow in air, mp about 42°. Frecly sol in water, alcohol.
Keep tightly closed and protected from light,

Mrp use: Expectorant.

Calcium Iodobehenate. Jodedocesanoic acid caleium sale;
Calioben: Saiodin: Sajodin,  CalCzeHazlCO02)2; mol wt
971,03, CaaHgaCalzO4; C 544200 H 87200, Ca 4134,
126.1455, O 6.59%%. Prepu: Beilstein vol. 2, 392
White or yellowish powder; odorless or with slight fat-
like odor. Practically insol in water, alcohol, ether; treely
sol in chiloroform. Protect from light.
MUp UsE: Intern. for its iodine action. Deoses Oral 0.5 g.
Side Effects: G.1. disturbances, iodism may occur.
viT ust: See Sodium lodide.

Calcium Jodostearate. 2-ledooctadecanoic acid calcium
salt; stearodine. Ca(Cr71H341C0O2)2; mol wt 858.82. Cag-
HeaCalz04: C 50.34¢%, H 7.98¢;, Ca 4.679%, [ 29.56%,
O 7145%. Prepa: Beilstein, vol. 2, Ist suppl,, 177,

Cream-colored, almost odorless  powder. Practically
insol in water or alcohol; so! in benzene, chlaroforny, cther.

ML ust: Formerly for' prophylaxis and treatment of
simple colloid goiter. :

VET UsE: See Sodium lodide.

Calcinm  Lactate. Ca[CHiCH(OH)COO0):; mol wt
218.22. CeH10oCu0s; C 33.029;, H 4.62¢;, Ca 1837,
0 43.995,. The article of commerce usually contains about
25¢, water, and on the anhydr basis it is at least 9865 pure.
Prepd commercially by neutralization of lactic acid, from
fermentation of dextrose, molasses, starch, sugar or whey,
with CaCOa: Inskeep et al., Ind. Eng. Chen, 44, 1955 (1952).

Pentahydrate, Ca(CaHsO3)2.511:0, almost  odorless,
slightly ciflorescent granules or powder.  Becomes anhydr
at 120°. pH: 6-7. Slowly sol in cold water, quickly sol
hot water; almost insol in alcohol. . .

usk: In the food and beverage industries; in dentrifrices.

MED UsE: See Calcium Gluconale,

VET Ust: As for calcium pluconate. Dose: horses and
cattle: 50-100 g; sheep and swine: 4-5 g (larger doscs for

adult swine); dogs: 1-2 g.
Calcium Levalinate. Levulinic acid calcium salt. (CHa-
COCHCH2C00)Ca; mol wt 270.30. CioH14CuOs;

C 44.43¢,, H 5,529, Ca 14,839, O 35.5265. Prepn: Cox,
Dodds, U.S. pat. 2,033,909 (1936 to Niacet Chemicals Corp.).

Dihydrate, (Csl702)2Ca.21120, crystals or  granular
powder. mp 125°  Loses 1H20 on diying in cacno at
room temp and ali Hz0 at 50°. Very sol in water; the aqg soln
is practicatly neutral.

MED Usk: Calcium deficiency.  Dose: Oval 4 to 5 g;
s.c., i.m. or Lv. 1 g Side Effects: See Calcium Gluconate.

vET Ust: See Calcium Gluconate.

Calcium Mcesoxalate.  Afesoxalic acid calcium  salt;
caleium ketomalonate; calcium oxomalonate; ketomalonic
acid caleiwm salt; oxomalonic acid calcium salt; Mesoxin.
C3CaOs: mol wt 156.1E € 23.08¢;, Cu 25.6755, O 51.25%],.
Prepn: Scheiber, Hopfer, Ber. §3, 908 (1920); Kobayashi,
Jap. pat. 4187('52): C.A. 48, 52120 (1954), Yanagisawa, Jap.
pat. 7463('60); C.A. 65, 5880u (1961).

[ob o]
OC/ \C a
N

Crystalline powder, dec 210-220°, Sparingly sol in glacial
acclic acid.  Noter May also exist as calcium dibydroxy-
malonate.

Calcivm NMethionate.. Methanedisulfonic acid calcium salt.
CuaCH2(S03)2; mol wt 214.24,  CHLCuOe82; C 5.61G,
H 0940, Ca 18.716%, O 44819, S 299300, Prepn: Beilstein
vol. 1, Ist suppl., 303; Jenkins, J. Am. Pharm, Assoc. 27,
a8 (1938),

Dihydriate, CaCl2(S04)2.211,0, crystals or cryst powder,
having & slight odor.  Stable in air,  Soluble in about 2.5
purlls walter forming a neutral soln (ptl 6-7); very slishtly sol
mn ale.

Calcium  Molyhdate(VE).  CaMoOs; mol wt 200.03.
Ca 20.045,, Mo 47939, O 32.005,. Prepn from sodium

ether, dioxane, The aq sotn is ncuteal or stightly alkadine.

molybdate and Ca$Oa: Curosctln, U.S. pat. 2,400,974

Cousult the cross index hefore wsing this section
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The Lethal Effect of Certain |
Chemicals on Fresh Water Fish

by N. H. SANBORN

National Canners Assn. Research Lahoratories

HE disposal of cannery wastes

frequently involves the use of
chemico  for  treatment purposes.
Ferrous suifate. alum and lime are
used n chemical coagulation: so-
dini carbonate for acidity control
in biological filters: and  sodium
nitrate in lagoons for odor control.
Lve (sodium hvdroxidet peeling of
certain fruits and vegetable~ is not
uncommon.  These  chemicals.  in
whole or in part. are discharzed in
most cases to o strean. In view of
several clains of death of fsh al-
legedh e to discharge of lve, it
was felt desirable to investigate the
lethality tofish of the chemicals com-
monly used,

The discharge of cannery waste
may he effected (1) as a eontinuous
discharge over a period of honrs as
in the case of hivlogical treatment
and continuous flow chemical coavu-
lation or (2) intermittently ollow-
ing batch chemiral treatment  and
periodic dumping of lve-peeling <o-
luti -z metien L5 L s
may be a factor governing the dead-
lines of a chemical pollutant. Experi-
mental conditions were such that hoth
methods of discharge were investi-
gated.

Experimental

CoxtiNvors  ThscHance  TESTS.
Three species of fich were used: 2.3
inch commaon zoldfish, 3.4 inch large-
mouth bass™ (micropterus sal-
motdes) wnd 1.5-23 inch Dluegill

sunfish®  lepomis  machrochirus).
Aquari, s .ter and water used for
cher o Olutions was Washington,

D. (.. t.;, water having, during the
periad of testing, 61 to 80 parts per
million (ppmi  total hardness.  of
which 28 16 36 ppm was non-carbon-
ate hardne - The water had a pH
of 7.2 to 7.6 und would be classed as
a bicarhbonate water of medium hard-
ness. For any one test 2 fish of the
*Oteined through the courtesy of
the Fist: and Wildlife Service, U. S.
Department of the Interior.

same species were placed in an
aquarium holding 6 liters of solu-
tion. Fresh solution was added con-

tinuously at the hottom of t e aqua- -

rium from a constant delivery reser-
voir at the rate of 1 to 1.5 liters per
hour, the overflow discharging at the
surface., This rate proved sufficient
to maintain a constant solution com-
position as judged by a constant
pH. The disturbing cffects of car-
bon dioxide from respiration. hac-
terial decomposition. sud sirface ab-
sorption  were therebv  climinated.
Reservoir air intakes were provided
with soda lime tubes to prevent car-
bon dioxide absorption. Aquaria
containing ferrous sulfate solutions
were aerated with carbon dioxide
free air for short periods of time
twice daily.” Unconsumed f.od and

debris were removed by suction.
Aquaria were covered with screens
to prevent fish from jumping out.

! Every concentration of each chem-
ical solution was tested with 2 fish of
the 3 different species. Goldfish were
fed with a commercial fish food. The
large-mouth bass and bluegill sunfish
received earthworms. Each test ex-
tended over a period of 7 days, {ol-
lowing which the surviving fish were
removed to fresh water for further
observation over a period of several
days.

In preparing the soluiions, chem-
ically pure salts were used withont
water of crystallization, except in the
case of ferrous sulfate and aluminum

sulfate (alum) which contained 7

and 18 molecules water of crystalliza-
tion, respectively.

TABLE |
Survivals of Fish in Various Chemicals Whose
Concentraticns Were Maintained Constant

ehce s
teation ptl of Survival
Substance in p.p.m. Tvpe of fish ~olttion time'
Sodium hydroxide ... .. . 50 Goidhsh ...... A 104 (0]
do ..... et 100 GO i, e 10.9 3 to 20 hours
do ............ .50 carzenmouth bass ... 104 (03]
do ........ .. S0 Blucgll suahsh ...... 104 w0
Calcium hydroxide .. .. 50 Goldfish ............. 105 (os]
do ...l 100 do Lol veaeees 1101 3 to 3.5 hours
do voiivininnn... 50 Largemouth bass ..... 105 [04]
do ..ol . 100 do L., oo 111 3105 hours
do oo 30 Bluegill sanfish ...... 10.5 o0
do voviiviania. 100 (] (A s 101 210 4.5 hours
Sodium carbonate ...... 200 Goldfish ............. 101 o
do ....... Ceeeian 500 do cevvesse.. 106 (0]
do ,..o.... P 100 Largemouth bass ..... 97 [¢5]
do covivininniin. 200 RS T A 4.3 to 4.5 days
Cdo ieiiiiiiii, 500 do ool 106 710 9 hours
Cdoocaannniions 200 Bluegill sunfish ..,... 10.i - 00
do vl 300 do ...... S T X 3 4.5 to 11 hours
Ferrous sulfate ........ 100 Goldfish ............ 64 o
do covievnnnnnn.. 50 Largemouth bass ..... o (o]
do oovviniinian, 100 do o Coiiiiiinnn 4.2to 7 days
do viiiiiiiiiin, B0 Bluezill sunfish ...... .6 co
do ceieiiiiieanns 100 do oo, 6.1 2.510 3.5 days
Aluminum sulfate ...... 100 Collfish L., ... X (1 (o8]
do ooviiviin.. 100 i geimouth bass ..... 5.6 0]
do oo 100 Bluceill sunfish ...... 5.6 o]
Sodium nitrate ........ 1000 Goldfish ....oouo. ... 1.3 60
vode cooaaeaenaed 2000 L ) § 4 days
do ..... b 4000 do i, T4 14to 26 hoars
do c.ovevnoaa... 2000 Largemouth hass ..... 7.4 (o]
doimiiiiiiinn. 4000 do oo . T4 (0]
do toviviinaaa... 1000 Bluegill sunfish ...... 7.3 00
do .iovenn.. veee 2000 do .iiiiiii,. 14 3 daysto 00
do viiiiiiina.. 4000 do .., .74 14 hours 10 00

* Infinity sign indicates survival greater than 7 days.
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SineLE  Discriarce  Trsts. The
geneeal experimental conditions were
similar to the above, except that only
2 liters of test solution per aquarium
were used and no further additions
were made to maintain the original
concentration. GoldAsh and large.
mouth hass were the only test fish
used. Shallow aquaria were used to

permit adequate surface aeration.
Since it was desired to retain the
oririnal solution, no attempt was

madc to clean the aquaria other than
picking out unconsumed food which
, remained in the more concentrated
solutions,

Discussion

The survival times of the test fish
under the two different experimental
conditions are given in Tables I and
II. Following the procedure of Fllis
(1), the infinity sign indicates sur-
vival to the end of the test period, in
this case 7 days. However. no claim
is implied that the fish would con-
‘tinue to live and breed if such condi-
tions were maintained indefinitely.
Changes in pH in particular wonld
be expected to alfect adversely the
aquativ environment and its proper
balance so necessary for maintain-
ing a supply of fish food.

Chemical coagulants used in treat-

.ing cannery waste are calcium hy-

wa

droxide, iogether with either ferrous
“sulfate or alum. An excess of cal-
cium nyva, ovde is always employvea,
“Consequently the quantity of ferrous.
ferric ifrom oxidation of ferrous)
and aluminum ions present in the
treatment of plant eflluent is limited
by the solubility of ferrons, ferric
and aluminum  hydroxide. together
with such quantities of these mate-
rials as may be mechanically carried
over by incomplete sedimentation.

o Actually, the concentration of these

treated
For ex.

in
" wastes is of no consequence.
ample. a sample from a cannery-
operated treatment plant ob-
tained without the knowledee of the
plant operator. Treatment consisted
of the coagzulation of 25000 aallons
of pea waste with 150 pounds of lime
and 75 pounds of ferrous sulfate ol
lowed by sedimnentation. The efMuent
was found to contain a total of 1.4
ppm of iron cquivalent to 7 ppm of
ferrous sulfate (Fe SO,-7H.0). Ref-
erence to the tahulated data show
. that such a low concentration, even if

discharged

was

" - it were discharged in the form of fer-

rous sulfate, which of course it is
not. would not he injuriouvs to fish.
Ferrous sulfute in  concentrations
used in these experimental tests was
precipitated as ferric hydroxide.
Death of fish in solution containing
a concentration of ferrous sulfate of
100 ppm or greater appeared to be
due to accumulation of ferric hydrox-
ide on the gills. Alum vndergoes a
similar hydrolysis.

Mention was made of the fact that
an excess of lime is used in chemical
coagulation. The amount in solution
which is discharged in the eflluent is
influenced by the buffering capacity

. of the waste and the degree of alka.

linity required for oplimum coagu-
lation. The latter generally lies be-
tween pH 10 and 11. TFor example,
pea waste which has a high buffering
capacity when discharged alter treat-
ment and having a pH of 10.6 con-
tained 141 ppm calcium hydroxide.
If such a waste were discharged into
a receiving body of water at the very
low dilution ratio of 1 part waste to
2 parts of receiving watet, the re-
sultant concentration of calcium hy-

droxide would be reduced by dilu-

THE CANNER

tion alone to a value below the 50
ppm concentration shown in the
tables to be without effect on fish,

Sodium nitrate is used to prevent

-development of objectionable odors

in lagooned cannery waste. These

wastes are not discharged into a re-
ceiving hody of water until such time
as the wastes have been reduced to
a very low and innocuous biochem-
ical oxygen demand. Long hefore
this state has been achieved, the

added sodium nitrate has been com-’

pletely converted into sodium car-
bonate or bicarbonate. Considering
the worst possible condition which
might occur, such as a break in the
lagoon wall, the maxiraum concentra-

* tion of sodium carbonate would not

exceed 60O ppm. A 1 to 2 dilution
would render this waste harmless.
Under actual operating condilions
the concentration of sodium carbon.
ate is of such a low order of magni.
tude that hacterial activity is not in-
hibited, .and after several weeks nu-
merous forms of higher plant and
animal life abound in the lagoon. So-
dium carbonate is sometimes used to
control the acidity of cannery waste

TABLE I '
Survwals of Gold Fish and Large Mouth Bass in Various

Yy

‘ Concentrations of Several Chemicals

Concen-
tration  pll of solution at stated intervals . .
Substance in p.p.m.  Initial lday 3 days 7days Survival time' .
Sodium hydroxide .. 5 89 74 714 7.4 0o
do ..... eenen 10 9.3 7.7 7.5 1.5 (03] '
[3 1+ T 25 9.9 7.8 17 1.7 (4]
do .oooveana 50 104 8.6 79 7.9 (o]
do Lol 100 10,9 9.5 ves “os 3 to 10 hours'
Calcium hydroxide 10 2.4 74 7.4 1.1 co .
do covveiiinn. 25 10.2 7.7 77 17 (o]
do Joviiiiain, 50 107 78 7.7 7.7,
do ciiiiiiinn 100 111 7.8 75 11 v('lflﬁ*l'
. * Bass, 7 hn "to 3 days
do viiviiiina, 200 11.4 Lo 30 1o 80 minutes
cdo i, 500 11.8 ves ves v 20 to 53 minutes
Sodium carhonate .. 10 8.5 74 7.5 15 (0]
do soveninn cee 25 8.9 7.4 1.5 7.5 o0
do coivivnala 50 2.6 7.6 75.- 15 00
' do ool ... 100 9.9 8.1 7.6 1.6 o)
do ..ol 200 10.1 9.0 8.0 8.0 00
do L ieiiiain, 500 105 9.8 8.3 8.3 ., Coldfish 00, '
’ Bass, 10 and 23 hrs.
Ferrous sulfate ..... 50 6.6 6.7 . 7.2 oo
do voiiivinnnn 100 6.3 0.1 . 72 oo
do cevnnianen 500 5.6 5.5 . e Goldfish, 1.3 to 5 days
Bass, 9 10 23 hours
do .oovvein... 1000 5.2 5.2 oo Goldfish, 5 to 30 hrs.
. Bass, 2.5 to 9 hours
Aluminum sulfate 25 7.0 7.3 7.2 7.5 co i
do uviionann. 50 6.6 6.9 7.2 7.4 0
do ....ovld.ln 100 5.6 6.1 6,5 7.1
do viuvan 250 4.5 4.5 e . Goldhish, between
. ' 15 and 24 hours
Bass, hetween
8 and 23 hours
do ..., 500 44 44 . Between 8 and 23 hrs,

"Infinity sign indicates survival greater than 7 days,
*One guldﬁqh anrvived the 7-day test, but died severnl duys ]nler during the perind of

observuhon in fresh water,

———
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Applied to trickling filters. The quan-
tity of sodinm carbonate discharged
in the filter efluent varies with the
control required, bhut always is a very
small quantity compared  with the
concentration  required to kill fish.
If waste treated with the maximum
amount of sodium nitrate were in-
advertently discharged to a receiv-
ing hody of water instead of the la.
goon, the concentration of sodium
nitrate, without considering dilution,
would  be below  T.000 ppm  and
without adverse effect on fish,
Sodium hydroxide is utilized in
the he-pecling of cortain frajts and
vezetables. The  concentrations “of
sodinm hydroxide used vary over a
wide range, depending on a number
of factors. but are seldom Jess than
3 per cent. The periodic discharge
of lye-hath waste requires careful
consideration of the sodium hydrox-
ide concentration in the receiving
body of water. As indicated in
Table 1. continuous exposure for 7
days to a concentration of 50 parls
per million was not fatal.  Fortu.

nately, Ive baths are seldom djs. *

charged more frequently than once
a day. If a lye baih is discharged
directly into a receiving  hodv  of
water, the rate of discharge <hould
be controlled to insure a sodjum hy-
droxide concentration of not more
than 50 ppm.

The ‘experimental conditions  set
up in these tests are more rigorous
than actually nccur in practice. The
continuvus maintenance of any given
concentration of chemicals in a re.
ceiving stream is not possible  be.
cause chemical comuining wastes are

not dischareed continunously,  How-

_ever, a body of contaminated water

would tend to proceod downstream as
a unit. maintaining the chemical con.
centration until such time as natural
madify . Fortunately,
such modification is obtainable from
several sources, other than additional
dilution.  Carbon  dioxjde derived
from atmospheric  absorption.  res.
piration of aquatic animal life and
decomposition of organic maller re.
duce exeess alkalinity.  Under (he
simple and quicseent conditions pre-
vailing in the tests reported in Talble
I it will be noted that the original
alkalinity of the 50 ppm caleium hy-.
droxide solution was reduced from
PH 107 10 7.8 in one day, a value
frequently  encountered in  natural
waters.  Similar results were ob.
tained with the other alkaline solu-

tions. On the other hand, solutions.
which were originally acid, ferrons
sulfate and alum, slowly attained the
approximate pH normal to the water
in which they were dissolved.

It is well known that the toxicity
of metallic salts is influcnced by the
hardness of the. water. Many nat-

. ural watercourses have a degree of
hardness in excess of that used in
these tests. - Such waters would toler-
ate a higher concentration of toxic
metals.  Hardness likewise plays an
important role in resisting changes

. to the original pH of the stream by

reaction with either alkaline or acid
salts.

Considering the kind and quantity
of chemicals used hy the canning in-
dustry, the methods of disposal and .
reaction in a receiving body of water
it hardly seems possible that such
chemicals can be toxic t fish, A

. Summary

1. The lethality of chemicals csed
by the canning industry in wasle
treatment or lyc peeling operations
on fresh-water fish has been investi.
gated.

.15

2. Concentrations of 100 ppm s=0-
dinm hydroxide, ealeium hydroxide
and ferrous sulfate, 200 ppm =odium
carhonate, 250 ppmy aluminimn syl
fate and 2,000 ppm sodium nitrate
in water of mediom hardness were
lethal to fish within 7 days.

3. Concentrations of 50 ppm so.
dium hydroxide, calcium hydroxide
and ferrous sulfate, 100) ppm sodium
carbonate and aluminum sulfate and
1,000 ppm sodium nitrate in water
of medium hardness were not {atal
or apparently injurious to fish dur-

Jing a 7-day exposure.

4. Discharge of the above chem.
icals under prevailing conditions and
with moderate dilution are not toxic
to fish. .

Reference

(1) Ellis, M. M., Detection and
Measurement of Stream Pollution,
U. S. Bureau of Fisheries, Bulletin
No. 22, 1937.

California olive growers have a
smaller crop this year than last,
Bidding of canners and processors
will assure them a good price.

Chicago Brokers Hosts
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When Jack P, Sexton moved east to one of the John Sexton Co, branches,
Chicago brokers who have been doing business with him tendored him a
testimonial luncheon. Shown here (seated) are Gladdon W. Pickett, San.
born Holmes & Co., Mr. Sexton and William W. Wurm, Wurm Bres. Co.
Standing is Joe Putz who succeeds Mr. Sexton as assistant to H. R, White,

canned foods buyer,
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476 September-October, 1969
Tasre II .
Acute Oral Toxicity of Some Inorganic Compounds for Rats
. Concen-
Single Oral LDsa tration
for Rats ) M
Material* Formula ¢m/Kg gm/ml**
Aluminum isopropylate » T Al[OCH(CHa)GHa}s 13 (7.0 .183 ) A
Aluminum nitrate L AUNO) L 9H:0 428 ( 286 175
Ammonium metavanadate T NHiVOs 0.16 { 0.12 - 0.21 ) B
Ammenivm paratungstate T (NHI0)aW:04y . 6H-0 11.3 0.400 A
Ammonium persullatc' TINHS.0s 082 ( 053 . 1.26 ) 0.200
Borax Na:B:Or , 10H0 . 3.66 0.010
Boric acid 1:BO, 5.4 (475 - 358 ) 0.200
Calcium acetate éa(OO(‘.(fH:): . H:0 T 4.28 { 386 - 475 ) 0.100
Calcium acrylate T CalQOCCH=CHs)x « H:O 492 (395 - 646 ) 0.200 A
Calcium cvanide B 0.039( 0.030- 0.831} .00
Calcium hydroxide . 734 ( 4.83 1114 ) 0.1
Calcium propionate T CaiQOCCHCHD s . H0 516 (417 - 638) 0.100
Chromium acetate T CriOOCCHzaY2 , H:O 11.26 0.200
Chromium chloride (ous) T CeCL 187 ( 121 - 287 ) 0.050
Chromium nitrare (ic) Ce!NOy)s , 9H0 325 (211 - 499 0.200
Cobalt oxide . T CoO . 170 { 107 - 282 ) 0.100 A
Copper acetate CulOOCCH )2, HO W71 {060 - 0830 0010 .
Copper nitrate CuiNOy; i (061, 1.43) 0.200
Copper sulfate . CusS(y 30 {071 - 130y 0.050
Cuprous vxide - T Cu. O 34 - U6k ) 1o A
Diammonium decaborane T (NH B Hua 1.85 - 6.86 ) 0.050
Dicumene chromium T (CoHaz j:Cr 0.62 - 1,07 ) 0.100 M
Ferric nitrate FeiNOya, 9H:0O . 256 - 426 ) 0.200
Ferrous ammonium sulfate {NH,;:80), FeSO. , 6H:-O 2.48 - 4.26 ) 0.300
Lithium carbonate Li:COa 0.200
Magnesium chloride MeCL A0 73 -91 ) b.100
Maneanous acetate Mu/OOCCH): , 4H.O 268 - 521 ) 0.200
Nickel nitrate NiNOwj2 , 6HO 106 - 2.50 ) 0.200
Potassium acetate KOOCCH; 2,48 - 4.26 ) 0.100
Potassium carbonaes KOy 1.34 - 2.60 ) 0.200
Patassivm hvdroxide NoH 0.80 - 1.89 ) 0.100
Potassivm permanganate KMnO, 0.70 - 1.71 ) 0.020
Silver oxide : T. AgqO - 0.200 A
Sodium arsenite NaAdO; 0.031- 0.053) 0.010
Sodiura cvanide o NaCN 0.011- 0.021) 0.0004
Sodium fluoride NaF 0.12 - 0.26 ) "o
Sodium nitrite NaNO: (rLo10
Sodium phosphate, diabasic \ Na:11PO,  TH0 ( 9.83 -16.97 ) 0.200
Sodium phosphate, tribasic Naa POV 12HO ( 681 - 803 ) 0.200
Sodium tripolyphmphate T {403 1048 ) 0.260
Sulfuric acid {134 .-299) 0.250
Vanadium dichloride T 54 (038 . 075 1ol A
Varnadium oxytrichloride | T. 014 {009 - 0.22) 0.050 M
Vanadium tetrachloride T 0.990 M
Vanadium trichloride T ¢ b} 0.100
Zinc acetate © 'ZniOOCCH;s): , 2H:0 ) 0.200
Zinc naphthenate T . ) 0.200 L

* T Preceding formula designates technical grade,
** Intubation concentrations are in water except

M In mineral oil
L In lard

A Suspended in 0.25q, agar

B Suspended in 5% bentonite

v,

¢

or development sample, otherwise reagent grade
as noted by following symbols: .

Use of Expired Air-Carbon Monoxide for
Carboxyhemoglobin Determinations in Evaluating
Carbon Monoxide Exposures Resulting from the .

TSN 2 BN T
Ope; tion oi Gasoli

1e Fork Lift Trucks

in Holds of Ships

P. A. BREYSSE, M.S.,, M.P.H. and H. H. BOVEE, Ph.D. rﬁ

. Department of Preventive Medicine, Environmental Health Division,
University of Washington, Seattle, Washington 98105

4

@ Exposurcs of longshoremen to carbon monoxide from fork lift trucks used in bolds
of ships were evaluated by use of the expired air method for determining car-
boxyhemoglobin. Results indicated that if the net increase in carboxyhemoglobin was

considered, then the hazards potential of utilizing gasoline driven fork lifts in the
holds would be considered of low order of magnitude. Moderate to hcavy cigarette
. smoking was pfobably as important a factor in individual carbon monoxide adsorp-
tion as being exposed to CO at the Theeshold Limit Value (TLV).

Introduction
FREQUENTLY IT IS necessary, when

loading and unloading cargo, to utilize
fork lift trucks {Figure 1} in holds of ships,
If these vehicles are gasoline driven, work-
men, including stevedores and. lift drivers
(bull operators), are exposed to gasoline ex-
haust products of which carbon monoxide is
the major potentially dangerous component,
particularly when emitted in confined spaces,

Effects of Carbon Monoxide

Carbon Monoxide is considered to be a
chemical asphyxiant since it combines with
blood in preference to oxygen to form car-

boxyhemoglobin (COFHb), thereby reducing

the oxygen carrying capacity of the blood.
There,are usually no symptoms with blood
COHb levels under 567. At approximately
10%, COHb symptoms such as headache,
fatigue and dizziness may be experienced.
Disturbances of coordination, judgment,
psychomotor tasks and visual acuity appear
at about 2% blood COHb but do not become

significant until approximately 5¢¢ COHb

saturation is reached. .
Schulte.? in a study of mild CO intoxica-

- tion, reported on the effects of exposure for

varving lengths of time to an atmosphere con-
taining 100 parts per million {(ppm} of CO
in a group of men between 25 and 53 vears

" of age. These exposures produced levels of

COHb ranging from 0 to 2045 There were
strong indications that choice discrimination
errors, increased reaction time, and after re-
actions, were increased after an exposure of
4 hours to CO and that levels of COHBb,
which were previously considered safe could,
nevertheless, prodiiée impairment of mental
skills which can be a safety hazrd, and
which can also reduce greatly, efficiency and

productivity. Yo
8 .
In gencral, the rate of CO uptake, with
corresponding eflects, is related to concentra-
tions of CO, length of exposure, partial pres-

sure of oxygen, temperature, degree of physi-

cal activity, health status and metabolic ef- .

ficiency. The presence of narcotic solvents,

477



Tascte I
Range-Finding Toxic

y Data (Continued)

-

as gm/Lv in a suitable \dnclc
inlalation time shovn kitled all six rats

twice concentration shown killed all six rats

e

caused death when introduced into the rabhit eye

[ ol

Concen- Inhalation of Metered
Single Skin trated Vapor Vapor Eo:{c::tnnon Irritation
. Penetration Inhalation — —“YM—.——A on Corneal
Single Oral LDz for by Rats Concen- Uncovered ]||Jury
) LD for Rats Rabbits Maximum for  tration Time, Mortal- Rabbic in
Material Studied ml/Kyg ml/Kg No Death ppm hr ity Belly Rabbits
Amides T T T e e " :
N{2-Acetoxyrthyl)-N-ethylacetanide 0.8 (168 - >0 8 hr. - - - 2 4
e-Caprolactam 214 { 1.4 1.41 hr. - - - - 7
N-Ethyl inylacetamide 246 ( 1.88 1.25 ( 0.8 - 1.85 ) 4 hr. 2,000 4 3/6 2 5
Propyl-N N.diethylsuccinamate 12.93 ( B.42 >20 8 hr. - - - 4 5
Heteracyetic Compounds -
3,5-Dimethyl-1-(trick loromethylmereapta) -pyrazole 0.57 * 0.20 ( 0.15 - 0.27 )» 4 hr. - - - 6 10
prmp)lmmphulme 0.71 th10 ¢ 0.07 - 0.15 ) 15 m 500 4 5/6 6 7
Lsopropylpiperazine 2.83 064 (047 - 0.86 ) 8 hr. - - - 6 ]
34-Lutidine 071 { 0.40 - 1.24 ) 0.4 L hr, 2504 4 0/6 6 8
N-Methyl-c-caprolaciam 562 (118 - 2.24 ) 1.41 8 hr. - -~ - 3 5
3-Methyl-Zeanazoli - 7.13 (332 -15.30 ) 0.8 (617 -165 ) 8 hr, - - - 1 4
2-Methiyl-5-vinyvipy 1e 130 (071 - 2.37) 080 ( 0.54 - 1.18 ) 4 hr 4,000 8 4/6 5 8
1=(Trichlotomeihyl mereapto) pyrasole 0.35 ¥ 0.063( 0.047- 0.085) - 200 1 6/6 7 9
1-(Trichloromethyb-mereapto) 4-methylpyrazole L4 0.81 - 1.28 ) 0.079( ¢.059- 0.107) 2m. § Z - - 7 8
Cyano Compounds . - T
Bis(2-isoryanatoethyl ' carbonate 183 (1.21 - 2,79 ) >12 8 hr. - - - 3 9
Bis( 2-isacvanatoethyl 1 -t-eyclohesene-1,9-dic. arboxylate W4 5.5% ,]Q 4 ) > 8 8 hr. - - - 5 5
Bis(2-isocyanatoethyl) -5-norhoryene.2,3- dicarboxylate 26 (134 -382 ) 16.1 (45 .57.2 ) 8 hr. - - - 5 5
3.Buteneni 115( 0.097- 0.138)* 1.41 5 ni. 2 4 0/6 2 3
N,N-Dibutyl-3-aminopropionitrile 3.23 ( 248 - 4.26 ) 5.4 (3.73-6.82) 8 hr., - - - 2 2
Lb-Hexamethylene diisocyanate .71 0.57 (035 . 041) 8 hr. - - - 8 9
Lactonitrile 0.087( (LO6O- 0.125)* §.020( 0015 0.027) - 62.5¢ 4 8/6 2 -t
#-Methoxypropionitrile 433.( 307 - 598 ) >0 8 hr. - - Z 2 5
Methyl isocyanate G.071( 0.027- 0.18 )* 0.22 { 0.12 - 0.41 ) - 31.25¢ 4 0/6 6 10
Tridecauitrile, mixed isomers 3.73 ( 268 - 5.21 ) 3.18 ( 143 - 7.06 ) 8 hs. - - - 4 5
Halugen Conparg ds "
I-Bromooctang T4.49 (209 - 964 ) 8.00 ( 4.93 -13.0 ) - - - - 5- 1
2.Chlsrobutane . 00 (128 -31.3 ) 2 5m. § 8,000 4 3/6 1 2
Chloromethyl ether 0.21 ( (.12 — 0.37 ) 0.28 ( 0.13 - 0.62 ) - 8t 4 1/6 6 10
Dilvrm‘nuh?r)rlnhrpt:\ne, mixed isomers 0.21 ( 0.15 - 0.30 )* 0.25 (019 - 0.31) 1 br. - - - 6 -
Dichlorobenzyl alcohe:, mixed isomers 0.81 ( 0.50 - 1.31 ) 0.40 ( 0.24 . 065 ) 8 hr, - - - 5 9
1,2-Dichloropropane (propylene dichloride) 19 (17 21 ) 8.7 ( 8.31 - 920 ) 10 m. 2,000 8 3/6 -1 2
trans-2,3-Dichloro.1,4- dioxane L4l 0.4 (027.071) 4 hr. - - - 5 bl
1,2-Dichlorscthane (ethylene dichloride) 0.77 ( 0.67 - 0.89 )* 3.89 (340 - 446 ) - - - 2 3
Di{2-chioroethyl)acetal 0.31 ( 0.24 - 0.40 )* 0.20 ( 0.14 - 0.30 ) 1 hr. - - - L] 2
Fumaroyl chloride 0.81 ( 0.51 - 1.30 ) L4 - 500 4 3/6 6 10
1,1,1,3,3,3-Hexachlore-2,2 dlﬂunropropane 0.54 ( 0.30 - 1.01 ) 4.53 (1280 -732) - - - - 3 2
m- \nrubenmyl chioride 246 { 1.79 - 3.39 ) 0.79 { 049 - 1.30 ) 8 hr. - - - 5 9
(Continued on Next Page)
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Range-Finding Toxicity Data (Continued)
Concen Inhalation of Metcred
Single Skin = trated Vapor Vagor E”;‘::""“’“ Irritation
Penetration Inhalation Y on Corneal
Single Oral LD for by Rats Concen- Uncevered ln]ury
: LD for Rats Rabbits Maximum for  tration Time, Mortal- Rabbit in
Material Studied ml/l\'g ull/l\'g No Dvath ppm hr, ity Belly Rabbits
Phenyl chloroformate T T e 0w 2wy 307 (293-537) 15 m Tw Ty T
Propylenc chlorohydrin 0.22 ( 0.19 - 0.27 ) 0.48 ( 10134 - 0.67 ) 15 m, 500 4 1/6 1 B
Tetrachloroethane 0.20 { 0.16 - 0.27 ) 3 (310 - 513) - 1,000 4 3/6 6 -
1,1,2,3-Tetrachloropropene .33 * 0.4 (027 - 059 ) 30 m. 250 4 /6 3 9
1,1,2-Trichlorocthane 0.58 ( 047 - 0.71 ) 373 (1330 - 421 ) - 500 -8 4/6 2. 2
Trichloroethylene 492 (375 -6.46 >20 - 8,000 4 -l/GA 5 4
Phosphorpus Compounds
Bls(Z-thurm(h)l)yhmph\(c D41 0.065. 0.308) 8 hr. - - - 2 3
Dicthy!l phosphite 202 ( 1.24 - 3.29 ) 4 hr. - - 1 5
Trimethyl phosphate 2.8% 8 hr, - - - 4. 2 |
Tris(dipropylene glycol) phosphine 10 4 hr. - - - 2 1
Tris(dipropylene glycol)phosphonate 159 (117 215 ) 8 hr, = - - 3 1
Sulphur Compounds - ) -
Bis(2-acetosyethyl)sullone 141 . 1.3 8 hr, - - - 4 2.
Bis(1,2-dichlorocthyl) sulfone 0.25 ( 0,19 - 0.32 ) 1.00 (0.4} . 251 ) 8 hr, - - - 7 9-

- 2,3-Epithiopropy!l methoxy ether 214 (154 - 299 ) > 5 1 hr. - - - 3 -2
n-Hexyl vinyl sullone .57 084 ( 050 - 1.40 ) - - - - 7 3
Isopropyl sulfate 1.0% ( 0.64 - 1.87 ) 141 (088 2,29 ) 1 he. - - 6 3
2{Methoxyethylthio) ethanol 13.00 ( 7.70 -21.93 ) 5.4 (309 . 829 ) 8 hr, - - - 2 ©5
Methylvinyloxyethyl sulfide 325 (248 - 4.6 ) > 8 - 3,200 B 4/6 2 2
Tewabydrathiophene-1, - dioxide (sullolane) 154 (125 — ty1 ) 3.8 ( 2.35 -4.29 ) 8 br, - - - 2 4
2.2-Thiodiethanol dn(lldll 9.25 ( 7.51 )] >16 8 hr. - - 3 1
Trichloromethyl allyl perthionanthate 218 (1 A 0.6 - - - - 6 1
Trichloromethy! methyl perthioxanthate 15§ ( 0.8Y - 2,68 )* 13 - - - - 6 2 :

Silicon Compounds . .
Amyl uimethoxy silane 4.92 (375 - 6.46 ) 4 hr, - - - R 1
2(34-Epoxycycluheayl) ethyl trimethoxy silane 123 (998 -153 ) 8 hr. - - - ©3 1
32 4-Eposypropoxy ) propyl timethoxy silane 2 & hr, - - - - T3 2
2-Ethylbutyl silicate 8 hr. - - - 3. T h
2-Mereaptoethy! trimethovy silane -2 hr, - - - . 3 2
3-Mercaptoprapy! trimethaxy silane 5.66 .- - - - 3 2
Methyl trimethoxy sitane >0 1 hsr, - - - 3 2
Trimethoxy silane 6.30 { 4.66 - 8.52 ) 15 m. 2.5 4 5/6 3 5
Vinyl trimethoxy silane 354 (203 - 6.16 ) 2 hr., 4,100 4 1/6 2 1
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i Ram:r Finding Toxici ny Data (Cuutmur‘d) N
Concen- Iuhalation of Metered
’ r oncentrath
‘ Single Skin trated Vapor Vapor ,(“,’“R‘_"l""‘““’" Trritation
Sinale Oral Penciration Inhalation - s on Corneal
1 l'){:lﬂi:'l. ]I("!u\ li{l )r‘) for by Rats Concen- . Ul\(‘o\ﬂrd‘“.mry
Material Smdu d ’ Kg ’ e M".“""“" for  tration Time,  Mortal- Rabhit <
P e ] o No Death ppm r. ity Belly Rahhm
wpro])o“ulmnnl 5 5 s =g R rme——— S
3-Methoxy-l-prapaal e f,,',". o yooa .00 1 /6 3 5
, : : E r. - - -
i;"wp,o“ﬂha""l ) ) 489 ( 416 - 593 ) 0.9 ¢ 0.05 - 099 ) ° N N _ }’ g
ropoxypropanol, mixed isomers 32 248 - 426 ) 4000 250 L h0 8 hr. _ - B > b
) Aldehydes, Ketones ) -~
Cyclohexanonr 62 N~ 290 e ¥ . . .
5-Ethyl-3-nonen-2-one ,'{,7. (( - )]. ;‘(4",: (063163  30m 2 900t 4 176 1 5
! onen, ) 12 < 9. A8 (5.0 L1824 ) 8 hr - - -
Hexanal, mixed isonmers 050 ( 5.84 155 ) ~10 4 2 1
2-Methyleycloliexanone a1 b < 30 - - - 2 5
Yeyclohe: 204 (148 - 3.10) 1.77 - 2,800 36
2-:\!(‘“\}"-l_2,.‘."]4(‘(!.lh)'(’rillll‘lllillllchyd(’ 566 3330293 - 4.2 ) 8 he . L] 36 3 5
1-Tetralone CAL (062 - TOTY »W T 8 he N ] - 3 5
Valeraldehyde 5.66 6 . - - - 4 3
. . : 15 . 4,000 4 36 2 5
Acids, Anhydrides, Lactones )
3-Hydroxybutyric acid lactone ’ 17.2 (124 739 a0
b-Methyl-delta-valerolactone I:"-) . 61 -199 )) ;;“ 8 hr. - - - 5 5
Methyltetrahydrophthalic anhydride T AR - 310 ) 1.41 § hi N i B ! .
':ul sobutenylsuccinic anhydride 4 (6] - 141 )" 089 (055 . 144 )+ - : : : ‘: ?
aleric acid, mixed ivomers 200 (050 - L) G311 0 - 150 ) 8 hr. - - - p (4’
Esters, Acetals N
Acctic acid, 2-methy!-2 f-pentanedinl diester .46 206 - 548 ) 16.0 3.8 7 1
Acetic acid, 2-methyl-2-propene-1,1-diol diester G4 (1,28 - 0.68 ) )'_ ¢ ” l:;'ﬁ”,,; *: i“‘ 2 - - - 3 a
Acetic acid, phenyl ester 163 { 103 ) . 5 ') 8 l'r' 2.5 1 5/6 5 ]
Acelic acid, propyl ester 98 (7.5 ) ! 0 I'r' 8 - - - 2 2
Acetic acid, tricthylene glycol <iester 2.6 a0 (141 335 ) ‘ﬂ h':' - 8,000 4 4/6 1 2
Acrylic acid, 2-butoxyethoxy ester 6.50 ( 4.72 ) 064 ( Il"‘l‘) —..I.I‘N ) 8 hr‘ - - - 1 1
Acrylic acid, deeyl escer, mixed isomers 124 (998 ) 354 ( 117 -107 ) B hr - - - 5 2
Acnylgr ac.ul, ’)n-(yl ester 2.0 (1689 -35.8 ) 566 ( 3.0 . .14 ) 4 hr: ~ '- - 5 1
,/\rrylllc ar.fd. 2-hydrosypropyl ester 123 ( 0.8 - L70 ) “ 16 (0 - 026 ) 8 he C - 3 1
Acrylic acid, 2-methosyethoxy ester 081 (059 - 1,21 ) 195 (01T 2= P - - - 5 7 “
e ach } 17 - 137 ) 15 . 500 4 376 RS
Acrylic acid, 2-norbornyl ester H - /1 4 5 =
(I.HH {054 - 143 ) 8 hr. z N =
Azelic acid, dnhr‘(yl exter > - - 4 2 3
Benzoic acid, 2-cthylhexanediol diester B b N 2 1 3
B 20 8 hr. - - - 2 >
‘umarfc ac.ld ethyl 2,3-epoxypropyl ester 0.35 ( 0.02 - 0.57 ) _ - - 1 e
Fumaric acid, dnnrlhyl ester 1.25 1 R * - - 3 8 ~
ic acid, di 25 (0.8 - 1.85 ) 8 hr. - ~ - )
Malonic acid, diethyl ester 81 5 9 )
Methacrylic acid, ally: ester 8 v > - - 2 5 ~
Methacrylic acid, buts | ester y . 250t 4 /6 5 2 =
CTYue 8 hr. - - )
Phthalic acid, butyt dreyl ester 208 (16.8 -25.7 ) 8 hr _ - 3 1 o
Phthalic acid, decyl hoxyl ester 49.4 (399 -61.0 ) >20 8 hr: _ : - g : ;
{Continued on Next Page) ~
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Range-Finding Toxicity Data (Continued) 3
_ ~
Concen Inhalation of Metered a
nCEn- r i =
Singlc Skin trated Vapuor Vapor Synr}!(c:':ummn Irritation
Penetration Inhalation  «— on Corneal ;‘
Single Oral LD for by Rats Concen- Uncovered Injury an
. LDu [or Rats Rabbits Maximum for  tration Time, Mortal- Rabbit in =
. Materia! Studied ml/Kg ml/l\g No Death ppmn hr, ity Belly  Rabhbits >
Phthatic acid. decyl octyl ester 12y sw 8 be. - LT 2 1 8
Propionaldehyde dicrotyl acetal 2.14 ( 154 - 2.99 } L35 {249 -5.92) 30m 2,000 4 5/6 4 2
Succinic acid, di-2-{{2-+thylbintoxy)ethoxy] ester . 33 * 701 { 6,58 - 7.69 ) R - - - 3 2 \_:F
Epoxy Compounds - LcH
Bicyclenonadiene dieprxide 214 ( 1.5t - 299 ) 8 hr. - - - 3 5 2
Bis(3,4-epoxybutyl ether 107 (077 -~ 1.50 ) 0.17 - 0.37 ) 8 hr. - - - 5 7 =~
B {4~cp0\y cyclohexylumethyl)adipate - 4.39 ( 3.07 - 5.98) 4 hr. - - - 2 1 N
N-Bis(2,3-cpoxypro H.mlhm 162 (118 - 224 tH8 - 7.57 ) 8 hr, - - 3 ] [
Bu.yu 3-¢ posypropyl fuma 0.71 ( 0.48 - 1.04 ) 093 - 170 ) B hr. - - - 5 8 3
t- Bulylphruyl 2,3- lp()'(“)rnp\] cther 3.73 ({ 2468 - 5.21 ) 8 hr. - - 5 2 2.
1.2-Epoxy cyclohexane LO9 ( 066 - 1.80 ) 039 - 1.03 ) 30 2,000t 4 1/6 3 8 E
2,3-Epoxypropyl methacrylate 077 { 0, ) 021 - 095 ) 2 he, - - - 5 4 S
Propylene oxide 104 (1.0 ) 1.07 - 21.0) 5. § 4,000 4 4/6 1 5 S
Heterocyelic Oxygen ) . ~
2-Aminomethyl-2,3-dikvdro-4H-pyran 1.00 ( 0.64 - 1.57 )* 0.18 4+ he. - - - 6 9 g .
2,5-Divinyltetrahydropyran 246 ( 1.79..3.39 ) 1AL {065 - 3.08 ) 4 hr, - - 4 2 3 =
3,9-Divinyl-2.4,8,10-tetraoxaspiro (5.5) undecane 325 (248 - 4.26 )* 7.0 SRT 10,73 )* 8 hr, - - - 2 2 2
2-Ethoxy-4-methyl-tetrubydropyran 5.16 ( 417 - 6.38 ) > 5 4 he. - - - 2 3 —
Aliphatic and Alicyclic Amino Compounds
1-Amino-d-aminomethyl-3,5 d-trimethyl eyclohexanot £30 (1.4 - 1.75) - 8 hr. - - - 7 9
2-Aminomethylieteahydropssan W71 ( 044 - 143 ) 070 ( 044 - 114 ) 4+ br. - - i 6 9
3-Aminopropoxy-2-ethoxy cthanol 6.30 ¢ 495 - 853 )* 5.99 (427 - 842 B hr. - - - 3 7
Amyl amioe, mixed isorners 0.47 { 0.33 - 0.65 )* 132 { 0.61 « 205 ) 0 m § 000 4 4/6 6 9
Bis(2-dimetbylaminoetboxy ) ethane 2.83 1.2 - - - - 7 8
Bis(2-dimethylaminoettyl) ether 123 { 0 - 162 ) 0.2 8 hr. - - - 6 9
Cyelohexylamine 031 ( 0,51 - 097 ) 032 { 024 - 043 ). 2 hr, 4 0004 4 0/6 7 10
1.8-Diamiua-p-menthare .27 (062 - 045 ) 063 ( 047 - 083 ) 4 br, - - - bl 9
2,4-Diawino-1-methyleyclohexane L4t - 050 (B30 - 0.82) 8 hr, - - - 6 9
Di(3-aminopropy1) ether of diethylene glycul £20 (307 - 500 ) 250 ( L14- 548 ) - 4 hr, - - - 6 8
Di(3-aminopropoxy)ctlane 283 {1964 1.25 { D81 - 185 ) 8 hr. - - - [ 8
N,N-Di{methyl-N-cyclabeaylne z)nl)‘\mlm 123 {094 - 1. l).’ " 21 ( 01) - ) B hr. - - 7 - g
N-(Methyl-Necycl 1.41 * 063 ( 047 - 0.83 ) 4 he. - - - [ 9
V-Pentamethyldicthylenetrianiine 1.63 ( 1.24 - 213 ) 0.28 8 hr. - - - 7 9
tramethyl-L3-butanediamine 0.93 ( 0.67 - 1.30 ) 040 (029 - 154 ) 8 hr, - - - 6 9
etraethyl-1 3-propancdianine 041 ( 031 -- 053 ) 030 ( 021 - 0.42) 15 m. 1,000 4 2/6 5 9
Tl (mmntlnl Atetrazenc LB (112 ~ 283 ) — - 4 Ir. — - - 2 4
Tripropylamine D.00G( 0.078- 0.3 )* 057 (026 - 1.23 ) 8 hr. 250 4 3/6 4 1
Aromatic Nitra and Amino Gompounds
9-Aminopyrene 107 (097 - 1.50 )¢ > 1 8 he. - - - - 8
N-Meihyl-1-naphthylamine 141 { 1.03 - 1.95) 8 hr. - 2 1 f,
(EL)
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@ Acute toxicity and irritation data on about 200 compounds are presented, accu~ 1 Y , 82 g3 - STen_Sw
mulated in a continuing program for screening potential commercial products. " i: 'cE : s ez = cimEdZem b
. c AA A
) ;;:: ' [
| { - N |
- ! P . ¢ ‘ : =4 | = TS e,
URING THE SEVEN vears since the proved safe. H . 2 ! e C‘E-— To2E £R5e !
L : . 5 o cicid W g Eeid
appearance of our last com:nunication Our last paper! included data under the - ] ! - N N DA i
on the range-finding test,! many additienal name of uiisooctyl phosphine. The compound ,’ b3 Ef- % .z 23y |
. . - .. | =g e ED e
data have become available for presentation.  should have been entered as friisooctyl phos- . : - -8 o= ITE
) > b . fon e = as
Table I lists these data under names con-  phite, ot ' A ! |- 4¥n Rec2.342
. . . . .. . i - -y @ ey
forming to the nomenclature used in Chemi- Expetimental methods have remained un- 4 f A - s=EeTTT
cal dbstracts. Table 1T lists only the oral changed. They are described in our 1962 !
LD.. values for a number of inorganic com-  publication.? . i ' ’
pounds. All materials included are either in : e I .
. N . ' N ' . ~ ,
cemmercial production or have been evalue  References ! £ .
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wedd vie . s indicati e : {49y, s = T :§ S.€i <T.F oo 7 2
ecuted, vield no more than an indication of | LF, Jen GO P, Curesoa, and C. S, W . B i3 P EE fTef & {
the degree of care necessary to protect ex- R \'}f{:}'g.;?‘f\l'«f"(’j\.l..).'“ﬂixslf;" IV, drele Ind. Thye. ) | e <3 Z TS i
posed workmen or lead to an opinion that 6 Swwr 1L F. Ja, C. P Cokerimin, C. S. Wi, and . S N ¢ !
. ot . o e . L. C. Pozeans: Range-Finding Toxicity Data: List V. . - hnj !
certain technically feasible applications of a Arch. Ind. Hyg. Occup. Med. 10: 61 (July 1954), Q&
b . N *t
chemical may or may not eventually be Reecived April 8, 1969 s

470

-



